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PERHYDROLASE 



Hie present application claims priority under 35 UJ5.C. §1 19, to co-pebding U.S. 
Provisional Patent Application Serial Number 60/526,764, filed December 3, 2003, 



FIELD OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
20 peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

BACKGROUND OF THE INVENTION 



25 combination of active ingredients. For example, most cleaning products include a 

surfactant system, enzymes for cleaning, bleaching agents, builders, suds suppressors, 
soil-suspending agents, soil-release agents, optical brighteners, softening agents, 
dispersants, dye transfer inhibition compounds, abrasives, bactericides, and perfumes. 
Despite the complexity of current detergents, there are many stains that are difficult to 

30 completely remove. Furthermore, there is often residue build-up, which results in 
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discoloration (e.g., yellowing) and diminished aesthetics due to incomplete cleaning. 
These problems are compounded by the increased use of low cold water) wash 
temperatures and shorter washing cycles. Moreover, many stains are composed of 
complex mixtures of fibrous material, mainly incorporating carbohydrates and 
carbohydrate derivatives, fiber, and cell wall components (eg., plant material, wood, 
mud/clay based soil, and fruit). These stains present difficult challenges to the 
formulation and use of cleaning compositions. 

In addition, colored garments tend to wear and show appearance losses. A portion 
of this color loss is due to abrasion in the laundering process, particularly in automated 
washing and drying machines. Moreover, tensile strength loss of fabric appears to be an 
unavoidable result of mechanical and chemical action due to use, wearing, and/or 
washing and drying. Thus, a means to efficiently and effectively wash colored garments 
so that these appearance losses are minimized is needed. 

Cleaning compositions that comprise esterases, lipases and cutinases are well- 
known in the art However, these enzymes have a very low ratio of perhydrolysis to 
hydrolysis. This results in the conversion of most of the ester substrate into acid, instead 
of the more desirable peracid. This is a serious drawback, since formula space and cost 
considerations render it feasible to include only a limited amount of substrate. 

In sum, despite improvements in the capabilities of cleaning compositions, there 
remains a need in the art for detergents that remove stains, maintain fabric color and 
appearance, and prevent dye transfer. In addition, there remains a need for detergent 
and/or fabric care compositions that provide and/or restore tensile strength, as well as 
provide anti-wrinkle, anti-bobbling, and/or anti-shrinkage properties to fabrics, as well as 
provide static control, fabric softness, maintain the desired color appearance, and fabric 
anti-wear properties and benefits. In particular, there remains a need for the inclusion of 
compositions that are capable of removing the colored components of stains, which often 
remain attached to the fabric being laundered In addition, there remains a need for 
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improved methods and compositions suitable for textile bleaching. 

hi addition to the fabric and garment cleaning area, bleaching is commonly used 
in the pulp and paper industry. Prior to production of paper, pulp is typically treated to 
remove undesirable colored contaminants. This provides pulp that is suitable for 
5 production of papa- of higher quality than pulp that is not treated to remove colored 
contaminants and other undesirable components present in pulp. For example, in the 
paper recycling industry, removal of ink is necessary. Although standard methods are 
suitable for deinking paper with oil or water-based inks, the increased use of electrostatic 
inks has made defalking problematic, as these inks are much more difficult to remove. 

1 0 There are various methods available for deinking paper, including die use of enzymes 
(See e.g^ U.S. Patent No. 5,370,770). However, there remains a need in the art for 
efficient, cost-effective methods for treatment of pulp for paper (recycled and new) 
product production. 

Bleaching is also commonly used in the personal care market (e.g., dental 

1 5 whiteners, hair bleachers, etc.). Although personal care bleaching products have 
improved over the years, there remains a need for mild, easy to use, cost-effective 
bleaching methods for this setting. 



20 SUMMARY OF THE INVENTION 

Hie present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
25 bleaching and disinfecting. 

In some embodiments, the present invention provides compositions comprising at 
least one perhydrolase, wherein the perhydrolase exhibits a perhydrolysis to hydrolysis 
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ratio that is greater than 1. 

The present invention also provides isolated perhydrolases, wherein the 
perhydrolases exhibit a perhydrolysis to hydrolysis ratio that is greateflhan 1. In some 
preferred embodiments, the perhydrolase is M smegmatis perhydrolase. In alternative 
5 preferred embodiments, the perhydrolase is at least approximately about 35% 

homologous to AL smegmatis perhydrolase. In further embodiments, the perhydrolase is 
at least approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 
90%, 95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 
embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 

10 NO:2. In some preferred embodiments, the perhydrolases have immunological cross- 
reactivity with M. smegmatis periiydrolase. In still further embodiments, the perhydrolase 
is at least a portion of M. smegmatis perhydrolase, wherein the perhydrolase has a 
peAydrolysis to hydrolysis ration that is greater than 1 . In alternative embodiments, the 
perhydrolase is a structural homologue of M smegmatis perhydrolase, in which the active 

1 5 site is homologous to at least one amino acid selected from the group consisting of S 1 1 , 
D192, and H195 of the A£ smegmatis perhydrolase. 

The present invention also provides isolated perhydrolase variants having amino 
acid sequences comprising at least one modification of an amino acid made at a position 
equivalent to a position in M smegmatis perhydrolase comprising the amino acid 

20 sequence set forth in SEQ ID NO:2. In some embodiments, at least one modification is 
made at an amino acid position equivalent to a position in M. smegmatis perhydrolase 
comprising the amino acid sequence set forth in SEQ ID NO:2, wherein the modified 
amino acid is selected from the group consisting of Cys7, AsplO, Serl 1, Leu 12, Thrl3, 
Trpl4, Trpl6, Pro24, Thr25, Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thi91, 

25 Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, Phel50, Del53, 
Phel54, Thrl59, Thrl 86, Ilel92, Del94, and Phel96. In further embodiments, the 
modification comprises at least one substitution at an amino acid position equivalent to a 
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position in M smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 
Ml, K3, R4, 15, L6, C7, D10, Sll, L12, T13, W14, W16, G15, VI 7, PI*, V19, D21, 
G22, A23, P24, T25, E26, R27, F28, A29, P30, D31, V32, R33, W34, T35, G36, L38, 
5 Q40, Q41, IMS, IA2 9 G43, A44, F46, E47, V48, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, 160, D61, D62, P63, T64, D65, P66, R67, L68, N69, G70, A71, 
S72, Y73, S76, C77, L78, A79, T80, L82, P83, L84, D85, L86, V87, N94, D95, T96, 
K97, Y99F100, R101, R102, P104, LJ05, D106, 1107, A108, L109, G110, Ml 1 1, SI 12, 
VI 13, L114, VI 15, T116, Q117, VI 18, LI 19, T120, S121, A122, G124, Vl25, G126, 

10 T127, T128, Y129, P146, P148, W149, F150, 1153, F154, 1194, and F19& 

In some preferred embodiments, the variant perhydrolase exhibits a change in 
peracid hydrolysis compared to the wild-type perhydrolase. In some embodiments, the 
change in peracid hydrolysis is a decrease, while in other embodiments, the change in 
peracid hydrolysis is an increase. 

15 In some alternative preferred embodiments, the variant perhydrolase exhibits a 

ratio of peracid hydrolysis of about 0.1 or less, in comparison with wild-type 
perhydrolase. In alternative preferred embodiments, the variant perhydrolase comprises 
at least one modification comprising at least one substitution at an amino acid position 
equivalent to a position in M. smegmatis perhydrolase comprising the amino acid 

20 sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from the 
group consisting of R4, L12, G15, P18, R27, W34L38, A44, E51, G52, L53, S54, T58, 
R67, L68, S72, A79, T80, D85, L86, V87, N94, K97, R101 , VI 18, LI 19, G124, G126, 
and 1194. 

In further alternative embodiments, the variant perhydrolase exhibits a ratio of 
25 peracid hydrolysis of about 0.2 or less, in comparison with wild-type perhydrolase. In yet 
additional embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected fiiom the group consisting of R4, 15, 
D10, L12, W14, G15, P18, V19, T25, R27, W34, L38, A44, 149, E50,-B51, G52, L53, 
S54, A55, R56, T58, N59, D62, T64, D65, R67, L68, N69, S72, S76, C77, A79, T80, 
5 L82, P83, D85, L86, V87, N94, T96, K97, R101, L82, P83, L86, V87, N94, T96, K97, 
F10Q, R101, L109, Ml 1 1, LI 14, VI 18, LI 19, A122, G124, G126, T127, Y129, W149, 
and 1194. 

hi additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0 J or less, in comparison with wild-type perhydrolase. hi some 

1 0 embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in At smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of R4, 15, D10, L12, W14, 
G15, L12, P18, V19, G22, A23, T25, E26, R27, W34, G36, L38, Q41, IA2, G43, A44, 

15 149, E50, E51, G52, L53, S54, A55, R56, T57, N59, T58, D62, T64, D65, R67, L68, 
N69, G70, S72, Y73, S76, C77, A79, T80, L82, P83, D85, L86, V87, N94, T96, K97, 
Y99, F100, R101, R1Q2, PI 04, L109, Gl 10, Ml 1 1, LI 14, VI 18, LI 19, A122, G124, 
V125, G126, T127, Y129, W149, F154, and 1194. 

hi yet further embodiments, the variant perhydrolase exhibits a ratio of peracid 

20 hydrolysis of about 0.4 or less, in comparison with wild-type perhydrolase. hi some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of R4, 15, 

25 L6, D10, SI 1, L12, W14, G15, W16, P18, V19, G22, A23, T25, E26, R27, F28, W34, 
T35, G36, L38, Q41, L42, G43, A44, D45, E47, 149, E50, E51, G52, L53, S54, A55, 
R56, T57, T58, N59, T58, 160, D62, T64, D65, R67, L68, N69, G70, S72, Y73, S76, 
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CI!, A79, T80, L82, P83, D85, L86, V87, N94, P66, T96, K97, Y99, F100, R101, R102, 
P104, 1107, LI 09, Gl 10, Mill, SI 12, LI 14, V118, LI 19, S121, A122, G124, V125, 
G126, T127, Y129, W149, F150, F154, 1194, and F196. - 

In some embodiments, the variant periiydrolase exhibits a ratio of peracid 
5 hydrolysis of about 0.5 or less, in comparison with wild-type perhydrolase. In some 
preferred embodiments, die variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis periiydrolase comprising die amino acid sequence set form in SEQ ID . 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 

10 A23,A29,A55,D45,D62,D65,E26,E50,F150,F46,G110,G124,G43,L109,L119, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

15 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Mil 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, G110, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56\ 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

20 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
L119, L53, L6, L68, L82, Mill, P104, P66, R102, R67, Sll, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, Y99, G190, V191, G193, T197, N201, 
D203, L208, A209, V212, L215, and L216. 

In additional embodiments, the variant perhydrolase exhibits a ratio of pera :id 

25 hydrolysis of about 0.6 or less, in comparison with wild-type perhydrolase, hi some 
preferred embodiments, the variant periiydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
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M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, L119, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, T116, T120, 
5 T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, 158, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, F100, R101, L109, Ml 1 1, L114, LI 19, W149, Y129, A122, G126, T127, A23, 

1 0 A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, LI 09, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
E26, E47, E51, F150, F196, F28, G110, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, 8121, S54, S72, T25, 

15 T35, T57, T58, VI 1 8, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 11, N69, N94, P104, P63, 
P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
V113, V125, V19, W16, Y129, Y73, Y99, G190, V191, G193, T197, N201, D203, L208, 

20 A209, V212, L215, and L216. 

In yet additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.7 or less, in comparison with wild-type perhydrolase. hi some 
preferred embodiments, the variant peihydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 

25 M. smegmatis perhydrolase comprising fee amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, L109, LI 19, 
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L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, T116, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54.S72, T58, T80, 
VI 18, V87, W34, R4, 15, DIO, L12, W14, V19, 125, W34, 149, E50, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 

N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, L119, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, V118, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 
10 E26, B47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, 8121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, LI 05, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 
15 P66, R102, R27, Sll, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, LI 05, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, VI 7, V19, W14, W149, W16, Y129, 
20 Y73, Y99, G190, V191, G193, T197, N201, D203, L208, A209, V212, L215, and L216. 

In still furtho- embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis of about 0.8 or less, in comparison with wild-type perhydrolase. hi some 
preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
25 M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected fiom the group consisting of A122, 
A23, A29, A55, D45.D62, D65, E26, E50, F150,F46, G110, G124, G43, L109.L119, 
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L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, T116, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
VI 18, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 
5 A55, R56, N59, D62, T64, D65, R67, L68, N69, S76, C77, T80, L82, P83, L86, V87, 
N94, T96, FlOO, R101, L109, Ml 1 1, L114, LI 19, W149, Yld29, A122, G126, T127, 
A23, A55, A79, D65, D85, E26, F154, Gl 10, G124, G126, G22, G36, G43, G52, G70, 
149, K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

10 E26, E47, E51, F150, F196, F28, Gl 10, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Mil 1, P104, P66, R102, R67, 811, S112, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52, 1107, 1194, 
K97, L105, L109, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 1 1, N69, N94, P104, P63, 

15 P66, R102, R27, SI 1, SI 12, S54, S72, Tl 16, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, SI 12, S121, S54, S72, 
tl 16, f 120, Ti27,"T128,T13, T 577T64; V125, ~VT7,"Vl9, W14, W149, W16, Y129, 

20 Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 11, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, Y73, G190, V191, G193, T197,N201i D203, L208, A209, 

25 V212,L215,andL216. 

to additional embodiments, the variant pernydrolase exhibits a ratio of peiacid 
hydrolysis of about 1 .5 or greater, in comparison with wild-type pernydrolase. In some 
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preferred embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A122, 
5 A23, A29, A55, D45, D62, D65, E26, E50, F150, F46, Gl 10, G124, G43, LI 09, LI 19, 
L42, L68, L78, L82, L84, N59, P66, R101, R27, R4, R67, SI 12, S54, S76, Tl 16, T120, 
T25, V125, V48, W149, Y73, A44, A79, D85, E51, G124, G126, G15, G52, 1194, K97, 
LI 19, L12, L38, L53, L68, L86, N94, P18, R101, R27, R4, R67, S54, S72, T58, T80, 
V118, V87, W34, R4, 15, D10, L12, W14, V19, T25, W34, 149, E50, E51, L53, S54, 

10 A55,R56,N59,D62,THD65,R67,L68,N69,S76,C77,T80,L82,P83,L86,V87, 

N94, T96, F100, R101, LI 09, Ml 1 1, LI 14, LI 19, W149, Y129, A122, G126, T127, A23, 
A55, A79, D65, D85, E26, F154, G110, G124, G126, G22, G36, G43, G52, G70, 149, 
K97, L109, LI 14, LI 19, L12, L38, L42, L53, L68, L86, P104, P83, Q41, R102, R56, 
R67, S54, T57, VI 18, V125, W14, W149, Y129, Y73, A122, A23, A79, D45, D65, D85, 

15 E26, E47, E51, F150, F196, F28, G110, G124, G36, G43, G52, G70, 1107, 15, 160, L109, 
LI 19, L53, L6, L68, L82, Ml 1 1, P104, P66, R102, R67, SI 1, SI 12, S121, S54, S72, T25, 
T35, T57, T58, VI 18, V125, V19, W149, W16, A108, A122, A23, A29, A79, C7, D106, 
D21, D45, D62, D65, D85, E50, F150, F28, G124, G126, G22, G36, G52,*I107, 1194, 
K97, L105, LI 09, LI 14, LI 19, L38, L68, L78, L82, L84, Ml 11, N69, N94, P104, P63, 

20 P66, R102, R27, Sll, S112, S54, S72, T116, T120, T127, T13, T25, T57, T80, T96, 
VI 13, A122, A29, A71, A79, C7, D106, D21, D61, D65, D85, E47, E50, F150, F196, 
F28, F46, G124, G126, G15, G36, G70, 149, 15, 160, L105, L109, L12, L38, L42, L53, 
L84, L86, Ml 1 1, N59, P146, P24, P66, Q41, R102, R27, R56, S112, S121, S54, S72, 
Tl 16, T120, T127, T128, T13, T57, T64, V125, V17, V19, W14, W149, W16, Y129, 

25 Y99, A108, A122, A23, A29, A44, A55, A71, A79, C77, D45, D61, D65, D85, D95, 
E47, E51, F150, F196, F46, Gl 10, G126, G36, G43, G52, 1107, 1194, 149, 15, 160, 189, 
LI 14, L42, L53, L68, L78, L84, Ml 1 1, N59, N94, P146, P24, P30, P63, P66, P83, Ql 17, 
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R101, R4, SI 12, S121, S72, Tl 16, T120, T127, T13, T57, T96, VI 13, V125, V17, V19, 
V32, V87, W149, Y129, and Y73, Y99, A108, A44, C7, D10, D106, D31, D61, D85, 
E26, E51, F100, F28, F46, Gl 10, G22, G36, G43, G52, G70, 1107, 1153; 149, 15, 189, K3, 
LI 05, L53, L6, L78, L86, Ml, N69, P104, P146, P18, P24, P30, P83, Q117, Q40, Q41, 
5 R102, R27, R33, R4, S121, S72, S76, T120, T128, T13, T35, T80, T96, VI 15, VI 18, 
V32V48, V87, W34, G190, V191, G193, T197, E198, A199, R202, D203, G205, V206, 
A209, E210, Q21 1 , S214, and L215. 

In additional embodiments, the variant perhydrolase exhibits a ratio of peracid 
hydrolysis between about 1 2 and about 1 .5, in comparison with wild-type perhydrolase. 

10 la some embodiments, the variant perhydrolase comprises at least one modification 

comprising at least one substitution at an amino acid position equivalent to a position in 
M. smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A23, 
A55, C7, D106, D31, D61, D85, E26, E50, E51, F100, F150, F28, F46, G110, G126, 

15 G22, G70, 1107, K3, LI 05, L42, L6, L78, Mill, N59, N69, P104, P146, P148, P18, P30, 
P63, Ql 17, Q40, Q41, R102, R27, R33, R4, S54, S76, Tl 16, T120, T128, T64, T80, T96, 
VI 13, VI 15, VI 18, W34, and Y73. 

hi yet further embodiments, the present invention provides variant perhydrolases 
in Which the variant perhydrolases exhibit a change in perhydrolysis, such that die ratio of 

20 variant perhydrolase perhydrolysis to wild-type perhydrolase perhydrolysis is at least 
about 1 .2. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 
position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group consisting of 

25 C7, D10, L12, G15, P18, V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, 

Q41, L42, G43, A44, D45, F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, 
P66, R67, L68, N69, A71, S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, 



12 



PCT^^^S^-^^OM-BS w PCT/DS2004/040438 
GC821-2 ^ 



K97, R101,T103, P104, L105, D106, 1107, L109, Mill, VI 13, Q117, VI 18, S121, 
G124, V125, G126, T127, P148, F150, 1153, F154, and F196. 

In furtber embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is about 0.8 or less. In some embodiments, the variant 

perhydrolase comprising at least one modification comprises at least one substitution at 
an amino add position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID N02, wherein at least one substitution is 
selected from me group consisting of A108, A122, A23, A29, A44, A55, A71, A79, C7, 

10 C77, D10, D106, D21, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 

F154, F196, F28, F46, Gl 10, G124, G126, G15, G22, G36, G52, G70, 1107, 1153, 1194, 
149, 15, 160, 189, K3, K97, L105, LI 09, LI 14, L119, L12, L38, L42, L53, L6, L68, L78, 
L82, L84, K86, Ml, Ml 11, N59N94, P146, P18, P24, P30, P66, P83, Q40, Q41, R101, 
R102, R27, R33, R4, R56, R67, SI 1, SI 12, S54, S72, S76, T103, Tl 16, T120, T127, 

15 T128, T13, T25, T35, T57, T64, T80, T96, V113, V115, VI 18, V125, V17, V19, V32, 
V48, V87, W13, W149, W16, W34, Y129, Y73, and Y99. 

In alternative embodiments, the present invention provides variant perhydrolases 
comprising at least one modification comprising at least one substitution at an amino acid 
... position equivalent to a position in M. smegmatis perhydrolase comprising the amino 

20 acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
the group consisting of A108, A122, A23, A29, A44, A55, A71, A79, C7, C77, D10, 
D106, D21, D31, D45, D61, D62, D65, D85, E26, E47, E50, E51, F100, F150, 
F154F196, F28, F46, Gl 10, G124, G126, G15, G22, G36, G43, G52, G70, 1107, 1153, 
1194, 149, 15, 160, 189, K3, K97, L105, L109, L114, LI 19, L12, L38, L42, L53, L6, L68, 

25 L78, L82, L84, L86, Ml, Ml 1 1, N59, N69, N94, P104, P146, P148, P18, P24, P30, P63, 
P66, P83, Q117, Q40, Q41, R101, R102, R27, R33, R4, R56, R67, SI 1, S112, S121, S54, 
S72, S76, T103, Tl 16, T120, T127, T128, T13, T25, T35, T57, T58, T64, T80, T96, 
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VI 13, VI 15, VI 18, V125, VI 7, V19, V32, V48, V87, W14, W149, W16, W34, Y129, 
Y73,andY99. 

In yet additional embodiments, the variant perirydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
5 perhydrolase perhydrolysis is between about 1.2 and about 2. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of C7, D10, L12, G15, P18, 

10 V19, G22, T25, E26, R27, F28, A29, P30, D31, G36, Q40, Q41, L42, G43, A44, IMS, 

F46, E47, 149, E51, L53, S54, A55, T57, D61, P63, T64, D65, P66, R67, L68, N69, A71, 
S72, Y73, S76, L78, A79, T80, L82, P83, D85, L86, D95, K97, R101, T103, P104, LI 05, 
D106, 1107, L109, Mill, VI 13, Q117, VI 18, S121, G124, V125, G126, T127, P148, 
F150, 1153, F154, F196, G190, E198, A199, R202, D203, V206, A209, E210, Q211, and 

15 V212. 

In still further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is between about 2 and about 2.5. In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 

20 substitution at an amino add position equivalent to a position in M. smegmatis 

perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A44, C7, D10, D85, D95, 
E26, E47, 1107, L12, L42, P104, P148, S54, Q40, Ql 17, D203, V206, E210. 
In still further embodiments, the variant perhydrolase exhibits a change in perhydrolysis, 

25 such that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is between about 2.5 and about 3. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
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an amino acid position equivalent to a position in M smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A44, C7, 1107, K97, L12, L78, FTTH, Q40, and 
V125. 

5 In further embodiments, the variant peihydrolase exhibits a change in 

perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is between about 3.0 and about 5, In some embodiments, the 
variant perhydrolase comprises at least one modification comprising at least one 
substitution at an amino acid position equivalent to a position in M. smegmatis 
10 perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of D10, D85, L53, L78, and 
S54. 

In still further embodiments, the variant peihydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 

15 peihydrolase perhydrolysis is about 0.1 or less. In some embodiments, the variant 

peihydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ED NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 

20 G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, and W34. 
In further embodiments, the variant peihydrolase exhibits a change in perhydrolysis, such 
that the ratio of variant perhydrolase perhydrolysis to wild-type perhydrolase 
perhydrolysis is about 0.2 or less. In some embodiments, the variant perhydrolase 

25 comprises at least one modification comprising at least one substitution at an amino acid 
position equivalent to a position in M smegmatis perhydrolase comprising the amino 
acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is selected from 
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the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, G70, 1107, 
1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, T13, T25, 
T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23rA55, D62, F150, 
F154, Gl 10, G22, G52, G70, 1194, K3, K97, LI 05, L12, L38, L53, L68, L84, N59, N94, 
5 P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, V118, V48, 
W149, W16, W34, Y129, and Y73. 

In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.3 or less. In some embodiments, the variant 

1 0 perhydrolase comprises at least one modification comprising at least one substitution at 
an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 

15 T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 11, 

20 N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, and Y129. 

In yet additional embodiments, toe variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.4 or less. In some embodiments, the variant 

25 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
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selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G11Q, G52, 
G70, 1107, 1194, B, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, Sll, S54, T120, 
T13, 725,780, V115, V19, V32, V48, V87, W14, W149, W16, W34.A108, A23, A55, 
D62, F150.F154, G110, G22, G52, G70, 1194, K3, K97, LI 05, L12, L38, L53, L68, L84, 
5 N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Ml 1 1, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, T25, 735, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
10 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, V118, V125, V19, and V87. 

In additional embodiments, die variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.5 or less. In some embodiments, die variant 
1 5 perhydrolase comprises at least one modification comprising at least one substitution at 

an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
-G70, 1107, 1194, I5,-K97,-L12,-L53, L6.-L86, N94,-P83 i R102, R4.-R56, Sll, S54, T120, 
20 T13, T25, T80, VI 15, V19, V32, V48, V87, W14, W149, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, 735, 764, 780, 796, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
Gl 10, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68, L82, Mil 1, 
25 N94, P146, Q41, R102, R27, R4, R56, Sll, S54, 7120, 713, 725, 735, 780, V48, W14, 
W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 



17 



p £ y WO 2005/056782J.Q i|«3S PCT/US2004/04»438 

GC821-2 O O 



T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, G110, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68, L84, L86, Mill, N59, P146, P24, Q40, R101,R102, R27, R33, R4, R56, S112, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, and Y129. 
5 In further embodiments, the variant perbydrolase exhibits a change in 

perhydrolysis, such that the ratio of variant perfaydiolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.6 or less. In same embodiments, the variant 
perfaydiolase comprises at least one modification comprising t least one substitution at an 
amino acid position equivalent to a position in M smegmatis perfaydiolase co mprising 

10 the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 

selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, G110, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, V115, V19, V32, V48, V87, W14, Wi49, W16, W34, A108, A23, A55, 
D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 

15 N59, N94, P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
G110, G22, G70,D53, 1194, 160, 189, K97, L114, L119, L12, L38, L6, L68, L82,M111, 
N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 
W149, W16, W34, Y129, A55, C77, E5 1, Fl 00, F150, Fl 54, Gl 10, G126, G22, 1194, 

20 189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, V118, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 138, L6, 
L68, L84, L86, Mil 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, S112, 
S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 

25 D21, D62, F150, gl26, G36, G52, 1107, 15, 189, L109, LI 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, 735, T57, 
T58, T80, T96, VH5.V1 18, V32, V48, V87, W149, and Y73. 
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In yet further embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such that the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.7 or less. In some embodiments, the variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
5 an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected from the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, RS6, Sll, S54, T120, 
T13, T25, T80, VI 15, V19, V32, V48, V87, WI4, W149, W16, W34, A108, A23, A55, 
10 D62, F150, F154, G110, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, S112, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150,. 
G110, G22, G70, 1153, 1194, 160, 189, K97, LI 14, LI 19, L12, L38, L6, L68.L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, Sll, S54, T120, T13, T25, T35, T80, V48, W14, 
15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, G110, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, DIO, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L119, L12 L38, L6, 
. L68,J^ J J^,MUl J imP146,P24, Q40, R101, R102, R27, R33..R4, R56, S112, 
20 S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, LI 09, LI 14, LI 19, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, VI 15,V1 18, V32, V48, V87, W149.Y73, A122, A23, A29, A71, A79, 
C7, D61, D62, D85, E26, E51, F100, F28, F46, Gl 10, G126, G52, G70, 1107, 149, 15, 
25 160, 189, L109, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, Tl 16, T128, T25, T35, TS7, T58, T64, V19, V32, V48, V87, 
Y129,Y73,andY99. 
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In additional embodiments, the variant perhydrolase exhibits a change in 
perhydrolysis, such mat the ratio of variant perhydrolase perhydrolysis to wild-type 
perhydrolase perhydrolysis is about 0.8 or less. In some embodiments, The variant 
perhydrolase comprises at least one modification comprising at least one substitution at 
5 an amino acid position equivalent to a position in M. smegmatis perhydrolase comprising 
the amino acid sequence set forth in SEQ ID NO:2, wherein at least one substitution is 
selected ffom the group consisting of A23, A55, D10, D62, F150, F196, F28, Gl 10, G52, 
G70, 1107, 1194, 15, K97, L12, L53, L6, L86, N94, P83, R102, R4, R56, SI 1, S54, T120, 
T13, T25, T80, V115, V19, V32, V48, V87.W14.W149, W16~W34, A108, A23, A55, 

10 D62, F150, F154, Gl 10, G22, G52, G70, 1194, K3, K97, L105, L12, L38, L53, L68, L84, 
N59, N94, P146, P18, R102, R33, R4, R56, SI 12, S54, T127, T13, T35, T64, T80, T96, 
VI 18, V48, W149, W16, W34, Y129, Y73, A122, A23, A44, C7, D10, D62, F150, 
G110, G22, G70, 1153, 1194, 160, 189, K97, L114, LI19, L12, L38, L6, L68, L82, Mill, 
N94, P146, Q41, R102, R27, R4, R56, SI 1, S54, T120, T13, 125, T35, T80, V48, W14, 

15 W149, W16, W34, Y129, A55, C77, E51, F100, F150, F154, Gl 10, G126, G22, 1194, 
189, K97, LI 14, L84, N59, P146, P83, R102, R27, R33, R4, R56, SI 12, S54, S72, S76, 
T120, T127, T13, T25, T57, T96, VI 18, V125, V19, V87, A23, A55, D10, D23, E26, 
E50, E51, F150, Gl 10, G126, G15, G36, 1107, 149, 15, K97, L109 ,L1 19, L12 L38, L6, 
L68; L84; L86, Ml 1 1, N59, P146, P24, Q40, R101, R102, R27, R33, R4, R56, S112, 

20 S72, S76, T127, T25, T35, T80, T96, VI 15, V32, V87, W34, Y129, A108, A44, A55, 
D21, D62, F150, gl26, G36, G52, 1107, 15, 189, L109, L114, L119, L12, L42, L53, L6, 
L68, L78, L84, P146, P24, P66, P83, R27, SI 12, S72, S76, T120, T127, T13, T35, T57, 
T58, T80, T96, V115.VU8, V32, V48, V87, W149.Y73, A122, A23, A29, A71, A79, 
C7, D61, D62, D85, E26, E51, F100, F28, F46, Gl 10, G126, G52, G70, 1107, 149, 15, 

25 160, 189, L109, LI 14, L12, L38, L68, L82, L86, Ml 1 1, N59, N94, P83, R102, R33, R4, 
SI 12, S72, S76, T103, Tl 16, T128, T25, T35, T57, T58, T64, V19, V32, V48, V87, 
Y129, Y73, Y99, A108, A122, A29, A55, C77, D10, D106, IMS, D61, D62, D65, D85, 
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E47, E50, F100, F150, F28, F46, GllO, G124, G126, G15, G36, 1153, 1194, 15, 160, 189, 
K3, K97, L105, LI 09, LI 14, LI 19, L38, M2, L68, L84, L86, Ml, N59, P24, P30, P83, 
R101, R27, R4, R56, SI 12, S54, S76, T103, Tl 16, T120, T127, T128,T13, T35, T64, 
VI 13, V17, V19, V32, V48, V87, Y129, Y73, and Y99. 
5 The present invention also provides perhydrolase variants, wherein the 

perhydrolase variants exhibit greater perhydrolysis activity and decreased placid 
hydrolysis activity as compared to wild-type perhydrolase. In some embodiments, the 
variant peribydrolases exhibit perhydrolysis activity ratio of at least about 1.2, and peracid 
hydrolysis activity ratio of about 0.8 or less, as compared to wild-type perhydrolase. In 

1 0 alternative embodiments, the variant perhydrolase comprises at least one modification 
comprising at least one substitution at an amino acid position equivalent to a position in 
M smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID 
NO:2, wherein at least one substitution is selected from the group consisting of A29, 
A44, A55, A71, A79, C7, D10, D106, D31, D85, E26, E47, F150, F154, F196, F28, 

15 G124, G126, G36, G43, 1153, L109, L42, L53, L109, L42, L53, L109, L42, L53, L68, 
L82, L86, Ml 1 1, N69, P104, P148, P18, P63, P66, P83, Ql 17, Q40, R101, R67, S54, 
S121, S72, S76, T25, T64, VI 15, and V19. 

In additional embodiments, the perhydrolase exhibits perhydrolysis activity ratio 
of at least about 1 .2, a peracid hydrolysis activity ratio of about 0.8 or less, and a protein 

20 concentration ratio of at least 0.5, as compared to wild-type perhydrolase. In some 

embodiments, the variant perhydrolase comprises at least one modification comprising at 
least one substitution at an amino acid position equivalent to a position in AC smegmatis 
perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2, wherein at 
least one substitution is selected from the group consisting of A29, A44, A71, A79, C7, 

25 D85, E26, E47, E51, F150, F154, F196, F28, G124, G126, G36, 1153, L109, L12, L53, 
L68, L82, Mill, N69, P104, P148,P18, P63, P66, P83, Q117, Q40, R101, R67, S121, 
S54, S72, S76, T25, T64, V125, and V19. 
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The present invention provides variant perhydrolases that exhibit an increase in 
expression of the perhydrolase variants, as compared to the expression of wild-type 
perhydrolase. In some embodiments, the variant perhydrolase comprises at least one 
modification comprising at least one substitution at an amino acid position equivalent to a 
5 position in M. smegmatis perhydrolase comprising the amino acid sequence set forth in 
SEQ ID NO:2, wherein at least one substitution is selected from the group c onsisting of 
A2, 15, C7, F8, Sll, L12, T13, W14, W16, V17, P18, V19, E20, G22, A23, P24, T25, 
A29, P30, V32, T35, G36, V37, A39, F46, E47, S54, A55, R56, T58, 160, D61, D62, 
P63, T64, P66, R67, L68, N69, G70, S72, Y73, L74, P75, S76, C77, L78, A79, T80, L82, 

10 P83, L84, L86, 189, T93, T96, K97, A98, Y99, F100, R101, R102, T103, P104, L105, 
D106, 1107, A108, L109, G110, SI 12, VI 13, LI 14, VI 15, Tl 16, Ql 17, V118, LI 19, 
T120, S121, A122, G124, V125, G126, T127, T128, Y129, P130, P132, K133, L135, 
V136, S138, P141, L142, A143, M145, H147, W149, F150, Q151, 1153, G157, Q159, 
T161, T162, L164, A165, R166, V167, Y168, A170, L171, A172, M175, K176, P178, 

15 A182, G183, S184, V185, 1186, T188, 1194, F196, V191, N201, L208, A209, Q211, 
Q213,S214,L215,andL216. 

The present invention also provides isolated proteins comprising homologs of M. 
smegmatis perhydrolase, wherein the homologs are proteins within the SGNH-hydrolase 
family of proteins. Inalterriative preferred embodiments, the isolated proteins have at 

20 least about 35% identity with the amino acid sequence of M. smegmatis perhydrolase, in 
which the protein comprises at least three residues selected from the group consisting of 
L6, W14, W34, L38, R56, D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, 
F180, G205, Sll, D192, and H195. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 

25 95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 

embodiments, the perhydrolase comprises the amino acid sequence set forth in SEQ ID 
NO:2. 
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The present invention also provides isolated proteins having at least about 38% 
identity with the amino acid sequence of M smegmatis perhydrolase, wherein the protein 
exhibits perhydrolysis activity. In further embodiments, the perhydrolase is at least 
approximately about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 
95%, or 99% homologous to M. smegmatis perhydrolase. In additional preferred 
embodiments, fee perhydrolase comprises the amino acid sequence set forth in SEQ ID 
NO:2. 

The present invention also provides homologs oiM. smegmatis perhydrolase, 
wherrin the homologs are perhydrolases congmsing at least one motif selected fiom die 
group consisting of GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and 
SDSL-GRTT. In preferred embodiments, the homologs exhibit perhydrolysis. hi some 
particularly preferred embodiments, the homologs exhibit a perhydrolysis to hydrolysis 
ratio that is great than about L Instill further embodiments, the homologs are 
immunologically cross-reactive with antibodies raised against M. smegmatis 
perhydrolase. hi yet additional embodiments, antibodies raised against the homolog 
cross-react with Af. smegmatis perhydrolase. 

The present invention also provides isolated proteins having at least -about 35% 
identity with flie amino acid sequence of at least one M. smegmatis perhydrolase 
homolog, wherein the proteins exhibit perhydrolysis activity. 

In some particularly preferred embodiments, the present invention provides 
proteins having perhydrolase activity, wherein the proteins are in the form of a multimer 
in solution. In some more preferred embodiments, the protein is a perhydrolase that 
comprises a dimer. In alternative particularly preferred embodiments, the protein is a 
perhydrolase that comprises an octamer. In still further embodiments, the protein is in the 
form of a multimer in solution and the protein is selected from the group consisting of M. 
smegmatis perhydrolase, M. smegmatis perhydrolase homologs, and M. smegmatis 
perhydrolase variants. In yet further embodiments, the protein is selected fiom the group 
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consisting of modified serine hydrolases and modified cysteine hydrolases, wherein the 
modified serine hydrolases or modified cysteine hydrolases comprise increased 
perhydrolase activity as compared to unmodified serine hydrolases or unmodified 
cysteine hydrolases 

5 The present invention also provides proteins having perhydrolase activity, wh&ein 

the protein comprises at least one motif selected from the group consisting of GDSL- 
GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSIXJRTT. In some 
embodiments, the protein is obtained from a member of the Rhizobiales. In some 
preferred embodiments, the protein is obtained from a member of the genus 
10 Mycobacterium. 

The present invention also provides isolated genes identified using at least one 
primer selected from the group consisting of SEQ ID NOS21-69. 

The present invention also provides methods for identifying a perhydrolase, 
comprising the steps of: identifying source of the perhydrolase; analyzing the source to 
1 5 identify sequences comprising at least one motif selected from the group consisting of 
GDSL-GRTT, GDSL-ARTT, GDSN-GRTT, GDSN-ARTT, and SDSI^GRTT; 
expressing the sequences identified in step b) to produce the perhydrolase; and 
testing the perhydrolase for perhydrolysis activity. 

In some cmb6diments,lhe analyzing step is an amplification step wherein the primer 
20 sequences set forth in SEQ ID NOS:21-69 are used to amplifying the sequences 

comprising at least one motif selected from the group consisting of GDSL-GRTT, GDSL- 
ARTT, GDSN-GRTT, GDSN-ARTT, and SDSL-GRIT, In still further embodiments, 
the source is selected from the group consisting of environmental sources and 
metagenomic sources. The present invention also provides proteins identified using the 
25 methods set forth herein. The present invention further provides isolated nucleic add 
sequences encoding the proteins identified using the methods set forth herein. In some 
particularly preferred embodiments, the proteins exhibit a perhydrolysis to hydrolysis 
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ratio that is greater than about 1. In still further embodiments, the proteins exhibit a 
periiydrolysis activity that is at least about 0.2, compared to the peAydrolysis activity 
exhibited by M smegmatis perhydrolase. In yet additional embodiments, the proteins 
comprise at least three residues selected from the group consisting of L6, W14, W34, 
5 L38, R56, D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, Fl 80, G205, SI 1, 
D192,andH195. 

In further embodiments, the analyzing step comprises searching at least one amin o 
acid database. In yet further embodiments, the analyzing step comprises searching at 
least one nucleic acid database to identify nucleic acid sequences encoding the amino acid 

10 sequences of die perhydrolase. In still further embodiments, the source is selected from 
the group consisting of environmental sources and metagenomic sources. The present 
invention further provides isolated nucleic acid sequences encoding the protons 
identified using the methods set forth herein. In some particularly preferred 
embodiments, the proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 

1 5 about 1 . In still further embodiments, the proteins exhibit a perhydrolysis activity that is 
at least about 0.2, compared to the perhydrolysis activity exhibited by AC smegmatis 
perhydrolase. In yet additional embodiments, the proteins comprise at least three 
residues selected from the group consisting of L6, W14, W34, L38, R56, D62, L74, L78, 
H81, P83, M90, K97, Gl 10, L-114, L135, F180, G205, Sll, D192, and H195, as set forth 

20 in SEQ ED NO:2. 

The present invention also provides variant perhydrolases having altered substrate 
specificities as compared to wild-type M. smegmatis perhydrolase. In some 
embodiments, the variant perhydrolases have altered para nitrophenyi caproate (PNC) 
activity, as compared to wild-type M. smegmatis perhydrolase. 

25 The present invention also provides variant perhydrolases having altered pi values 

as compared to wild-type A£ smegmatis perhydrolase. In some embodiments, the variant 
perhydrolases comprise at least one positively charged mutation, while in alternative 
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embodiments, the variant perhydrolases comprise at least one negatively charged 
mutation. 

The present invention also provides variant perhydrolases that have increased 
stability, as compared to wild-type M. smegmatis perhydrolase. In some preferred 
5 embodiments, the stability of the variant perhydrolase is selected from the group 
consisting of thermostability, enzymatic stability, and chemical stability. 

The present invention also provides variant perhydrolases, wherein the variant 
perhydrolase exhibits at least one altered surface property. In some preferred 
"embodiments, the variants comprise at least one mutation comprising at least one 
1 0 substitution at sites selected from the group consisting of the residues set forth in Table 
15-1. 

The present invention also provides perhydrolase variants having at least one 
improved property as compared to wild-type perhydrolase. 

The present invention also provides expression vectors comprising a 

15 polynucleotide sequence encoding at least one perhydrolase variant The present 

invention further provides host cells comprising at least one such expression vector. In 
some preferred embodiments, a host cell is selected from the group consisting of Bacillus 
sp., Streptomyces sp., Escherichia, and Pantoea sp. Hie present invention also provides 
perhydrolases produced by the host cells. 

20 Hie present invention also provides compositions comprising at least a portion of 

at least one perhydrolase. In some preferred embodiments, the perhydrolase comprises 
the amino acid sequence set forth in SEQ ID NO:2. In further embodiments, the 
perhydrolase is encoded by a polynucleotide sequence comprises SEQ ED NO: 1. In 
additional embodiments, the sequence comprises at least a portion of SEQ ID NO: 1 . In 

25 further embodiments, the present invention provides expression vectors comprising the 
polynucleotide sequence encoding at least a portion of at least one perhydrolase. The 
present invention also provides host comprising at least one expression vectors. In some 
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embodiments, the host cells are selected from the group consisting of Bacillus sp., 
Streptomyces sp., Escherichia, and Pantoea sp. Hie present invention also provides 
perhydrolases produced by these host cells, ~~ 

The present invention also provides variant perhydrolases, wherein the 

5 perhydrolases comprise at least one substitution corresponding to the amino acid 

positions in SEQ ID NO:2, and wherein the variant peihydrolase has better performance 
in at least one property, compared to wild-type Al smegmatis peihydrolase. 

The present invention further provides isolated polynucleotides comprising a 
nucleotide sequence © having at least about 70% identity to SEQ tt) NO: 1, or (ii) being 

0 capable ofhybridizing to a probe derived from the nucleotide sequence set forth in SEQ 
ID NO:l, undo- conditions of intermediate to high stringency, or (in) being 
complementary to the nucleotide sequence set forth in SEQ ID NO:l. In some 
embodiments, the present invention also provides vectors comprising these 
polynucleotide sequences. In additional embodiments, the present invention also 

5 provides host comprising at least one expression vectors. In some embodiments, the host 
cells are selected from the group consisting of Bacillus sp., Streptomyces sp., 
Escherichia, and Pantoea sp. The present invention also provides periiydrolases 
produced by these host cells. 

The present invention also provides polynucleotides comprising a sequence 

) complementary to at least a portion of the sequence set forth in SEQ ID NO:l. 

The present invention also provides methods of producing enzymes haying 

peihydrolase activity, comprising: transforming a host cell with an expression vector 

comprising a polynucleotide having at least 70% sequence identity to SEQ ID NO:l ; 

cultivating the transformed host cell under conditions suitable for the host cell to produce 
! the peihydrolase; and recovering the peihydrolase. In some preferred embodiments, the 

host cell is selected from the group consisting of Streptomyces, Pantoea, Escherichia, and 

Bacillus species. 
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The present invention also provides probes comprising a 4 to 1 50 polynucieotide 
sequence substantially identical to a corresponding fragment of SEQ ID NO:l, wherein 
the probe is used to detect a nucleic acid sequence coding for an enzyme having 
perhydrolase activity. 

5 The present invention also provides cleaning compositions comprising: a) at least 

0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis ratio 
that is greater than 1; b) a molecule comprising an ester moiety; and c) optionally, an 
adjunct ingredient 

- The present invention further provides cleaning compositions comprising: a) at 

10 least 0.0001 weight percent of a perhydrolase that exhibits a perhydrolysis to hydrolysis 
ratio that is greater than 1; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture, and mixtures thereof; c) 

15 from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient 

The present invention also provides cleaning compositions comprising: a) 
from about 0.0001 to about 1 weight percent of a variant perhydrolase having an amino 
acid sequence comprising at least one modification of an amino acid made at a position 

20 equivalent to a position in M smegma tis perhydrolase comprising the amino acid 

sequence set forth in SEQ ID NO:2; b) a material selected from the group consisting of a 
peroxygen source, hydrogen peroxide and mixtures thereof the peroxygen source being 
selected from the group consisting of: a per-salt; an organic peroxyacid; urea hydrogen 
peroxide; a carbohydrate and carbohydrate oxidase mixture; and mixtures thereof; c) 

25 from about 0.01 to about 50 weight percent of a molecule comprising an ester moiety; 
and d) optionally, an adjunct ingredient In some preferred embodiments, the cleaning 
compositions further comprise at least one adjunct ingredient. In some particularly 
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preferred embodiments, the adjunct ingredient is selected from the group consisting of 
surfactants, builders, chelating agents, dye transfer inhibiting agents, deposition aids, 
dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach activators, 
bleach boosters, preformed peracids, polymeric dispersing agents, clay soil removal/anti- 
5 redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure elasticizing 
agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and mixtures 
thereof 

In additional embodiments, the present invention provides cleaning compositions 
wherein: the perhydrolase exhibits a perhydrolysis to hydrolysis molar ratio that is greater 

10 than about 0.1; the per-salt is selected from the group consisting of alkalimetal perborate, 
alkalimetal percarbonate, alkalimetal perphosphates, alkalimetal persulphates and 
mixtures thereof; the carbohydrate is selected from the group consisting of mono- 
carbohydrates, di- carbohydrates, tri- carbohydrates, oligo- carbohydrates and mixtures 
thereof, the carbohydrate oxidase is selected from the group consisting of aldose oxidase 

15 (IUPAC classification EC1.1.3.9), galactose oxidase (IUPAC classification EC1. 1.3.9), 
cellobiose oxidase (IUPAC classification EC1. 1.3.25), pyranose oxidase (IUPAC 
classification EC1. 1.3.10), sorbose oxidase (IUPAC classification ECL1 3.1 1) hexose 
oxidase (IUPAC classification EC1 .1 .3.5). glucose oxidase (IUPAC classification 
EC1. 1.3.4) and mixtures thereof, and the molecule comprising an ester- moiety has the 

20 formula: 

(i) wherein R 1 is a moiety selected from the group consisting of H, substituted or 
unsubstituted alkyi, heteroalkyi, alkenyl, alkynyl, aryl, alkylaryl, alkylheteroaryl, and 

25 heteroarjd; 

(ii) each R 2 is an alkoxylate moiety; 

(iii) R 3 is an ester-forming moiety having the formula: 
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R 4 CO- wherein R 4 is H, alkyi, alkenyi, alkynyl, aiyl, alkylaryl, alkylheteroaryi, 
and heteroaiyi; 

(iv) xis 1 when R ! is H; when R l is not H, x is an integer that is equal to or 
less than the number of carbons in R 1 ; 
5 (v) p is an integer that is equal to or less than x; 

(vi) m is an integer fiom 0 to 50; and 

(vii) n is at least 1 

In alternative embodiments, the present invention provides cleaning compositions 
10 wherein: a) R l is an C2-C32 substituted or unsubstituted alkyi or heteroalkyi moiety; b) 
each R 2 is independently an ethoxylate or propoxylate moiety; and c) m is an integer from 
1 to 12. In some embodiments, R 3 is an ester-forming moiety having the formula: R 4 CO- 
wherein R 4 is: a) a substituted or unsubstituted alkyi, alkenyi or alkynyl moiety 
comprising from 1 to 22 carbon atoms; orb) a substituted or unsubstituted aryl, alkylaryl, 
1 5 alkyiheteroaiyi or heteroaryl moiety comprising from 4 to 22 carbon atoms. 

In still further embodiments of the cleaning compositions, the molecule 
comprising the ester moiety has the formula: 

R l O,[(R 2 )m(R 3 )n]p 

20 wherein: a) R 1 is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, the R l moiety that comprises an amine moiety being selected 
from the group consisting of substituted or unsubstituted alkyi, heteroalkyi, alkenyi, 
alkynyl, aiyi, alkylaryl, alkylheteroaryi, and heteroaryl; b) each R 2 is an alkoxyiate 
moiety; c) R 3 is an ester-forming moiety having the formula: R 4 CO wherein R 4 may be 

25 H, substituted or unsubstituted alkyi, alkenyi, alkynyl, aryi, alkylaryl, alkylheteroaryi, and 
heteroaryl; d) x is 1 when R 1 is H; when R l is not H, x is an integer that is equal to or less 
than the number of carbons in R 1 ; e) p is an integer that is equal to or less than x; f) m is 
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an integer from 0 to 12; and g) n is at least 1. 

In still farther embodiments of the present cleaning compositions, the molecule 
comprising an ester moiety has a weight average molecular weight of less than 600,000 
Daltons. In yet additional embodiments, an adjunct ingredient is selected from fee group 
consisting of surfactants, builders, chelating agents, dye transfer inhibiting agents, 
deposition aids, dispersants, enzymes, and enzyme stabilizers, catalytic materials, bleach 
activators, bleach boosters, preformed peracids, polymeric dispersing agents, day soil 
removal/anti-redeposition agents, brighteners, suds suppressors, dyes, perfumes, structure 
elasticizing agents, fabric softeners, carriers, hydrotropes, processing aids, pigments and 
mixtures thereof 

The present invention further provides methods of cleaning comprising the steps 
of: a) contacting a surface and/or an article comprising a fabric with any of the cleaning 
compositions provided above and/or a composition comprising any of the cleaning 
compositions provided above; and b) optionally washing and/or rinsing the surface or 
material. 

In alternative embodiments, the present invention provides methods of cleaning, 
the method comprising the steps of: a) contacting a surface and/or an article comprising a 
fabric with any suitable cleaning composition provided above and/or a composition 
comprising any suitable cleaning provided above; and b) optionally washing and/or 
rinsing the surface or material. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1 . In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 
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The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant having an amino acid sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in AL 
smegmatis perhydrolase comprising the amino add sequence set forth in SEQ ID NO:2. . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

10 The present invention also provides bleaching compositions comprising at least 

one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

15 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

The present invention also provides bleaching compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino 
add positions inSEQ ID NOT27and^^ has better 

20 performance in at least one property compared to wild-type M. smegmatis perhydrolase. . 
In some particularly preferred embodiments, theperiiydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 

25 oxidoreductases, hemicellulases, and cellulases. 

Hie present invention also provides bleaching compositions comprising at least 
one perhydrolase that is at least approximately about 35% homologous to M smegmatis 
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perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from die group consisting of proteases, amylases, lipases, 
5 mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

Hie present invention also provides disinfecting compositions comprising at least 
one perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits 
a perhydrolysis to hydrolysis ratio that is greater than 1. In some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 
1 0 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

Hie present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having an amino add sequence comprising at least one 
modification of an amino acid made at a position equivalent to a position in M 
1 5 smegmatis perhydrolase comprising the amino acid sequence set forth in SEQ ID NO:2. . 
In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1 . In some embodiments, the bleaching compositions 
farther comprise at least one additional enzymes or enzyme derivatives selected from the 
-group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
20 oxidoreductases, hemicellulases, and cellulases. , 

The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant having at least one improved property as compared to wild-type 
perhydrolase. In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1 ; In some embodiments, the 
25 bleaching compositions further comprise at least one additional enzymes or enzyme 
derivatives selected from the group consisting of proteases, amylases, lipases, 
mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 



33 



PCT^^ 2 ^ 5 ^^ 2 * 01 ^ 38 PCT/US2004/040438 
GC821-2 O f^h 



The present invention also provides disinfecting compositions comprising at least 
one perhydrolase variant comprising at least one substitution corresponding to the amino . 
acid positions in SEQ ID NO:2, and wherein the variant perhydrolase has better 
performance in at least one property compared to wild-type M. smegmatis perhydrolase. . 
5 In some particularly preferred embodiments, the perhydrolase exhibits a perhydrolysis to 
hydrolysis ratio that is greater than 1. In some embodiments, the bleaching compositions 
further comprise at least one additional enzymes or enzyme derivatives selected from the 
group consisting of proteases, amylases, lipases, mannanases, pectinases, cutinases, 
oxidoreductases, hemicellulases, and cellulases. 

1 0 Hie present invention also provides disinfecting compositions comprising at least 

one perhydrolase that is at least approximately about 35% homologous to AC smegmatis 
perhydrolase. . In some particularly preferred embodiments, the perhydrolase exhibits a 
perhydrolysis to hydrolysis ratio that is greater than 1. hi some embodiments, the 
bleaching compositions further comprise at least one additional enzymes or enzyme 

1 5 derivatives selected from the group consisting of proteases, amylases, lipases, 

mannanases, pectinases, cutinases, oxidoreductases, hemicellulases, and cellulases. 

In some preferred embodiments, the perhydrolase is at least approximately 70% 
homologous to M. smegmatis perhydrolase comprising the amino acid sequence set forth 
in SEQTD N012.~In some embodiments, the present invraBon provides perfiydrolases 

20 that cross react with antibody generated against M. smegmatis perhydrolase, particularly 
that comprising the amino acid sequence set forth in SEQ ID NO:2. In further 
embodiments, the present invention provides perfiydrolases that are structural homology 
of the M. smegmatis perhydrolase, in which active site comprises sites homologous to 
SI 1, D192, and H195 of the M smegmatis perhydrolase. In yet additional embodiments, 

25 the present invention provides perhydrolases comprising one or more modifications at the 
following residues: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, 
Leu53, Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, 



34 



PC^WO2005/^78r fl+QIO S PCT/US20O4/O4O433 
GC821-2 



Vall25, Prol38, Leul40, Prol46, Prol48, Trpl49, Phel50, Del53, Phel54, Thrl59, 
Thrl 86, Del92, Ilel94, and Phel96. However, it is not intended that the present 
invention be limited to perhydrolases with these modifications only at these residues, as 
perhydrolases with other modifications also find use with the present invention. 

In some embodiments, at least one perhydrolase of the present invention is used in 
a cleaning process wherein an article to be cleaned is exposed to a sufficient amount of 
the at least one perhydrolase under conditions such that the perhydrolase cleans and/or 
bleaches, and/or decolorizes any/all stains present on the article (e.g., laundry and dish 
detergents). In some embodiments, the cleaning further comprises disinfecting, fa some 
embodiments, the article cleaned, bleached and/or disinfected using at least one 
perhydrolase of the present invention comprises textiles and/or hard surfaces, while in 
other embodiments, the article is paper or pulp, and in still further embodiments, at least 
one perhydrolase is used as a personal care product to whiten or bleach hair, teeth, skin, 
etc. Thus, in some embodiments, the present invention provides compositions for use in 
various cleaning, bleaching, and/or disinfecting applications. Indeed, it is not intended 
that the present invention be limited to any particular application. 

In some preferred embodiments, the perhydrolase comprises SEQ ID NO:2. In 
some preferred alternative embodiments, the perhydrolase is encoded by the nucleic acid 
sequence set forth in SEQJDNO:!. 

In some embodiments, the present invention provides enzymes with activities that * 
result in high peracid/acid ratios, hi alternative embodiments, the present invention 
provides the perhydrolase of Mycobacterium smegmatis, as well as sequence and/or 
structural homologs of this protein. In additional embodiments, the present invention 
provides enzymes that have been modified so as to express perhydrolase activity with a 
high perhydrolysis to hydrolase ratio either in addition to or instead of the enzyme's 
original activity. In additional embodiments, the present invention provides modified 
enzymes with altered substrate specificity, Km, kcat, perhydrolase activity, and/or peracid 
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degradation activity. 

In additional embodiments, the present invention provides means to identify, 
produce, and characterize enzymes that comprise the perhydrolysis activity of the present 
invention. The present invention further provides methods and compositions comprising 
5 at least one perhydrolase for cleaning, disinfecting, bleaching, and other applications, 
including but not limited to paper and pulp bleaching, fabric and garment cleaning, hard 
surface cleaning, and personal care applications {e.g., oral care, hair care, and skin care). 
In some preferred embodiments, the present invention provides methods and 
compositions for bleaching cotton and other fabrics. Indeed, the present invention finds 

10 use in the bleaching and cleaning of various textiles. It is not intended that the present 

invention be limited to any particular setting, application or use, as it is contemplated that 
it will find use in numerous areas where an enzymatic generation of peracids is desired 
over the use of preformed peracids or hydrogen peroxide or other bleaching chemicals, 
under conditions including but not limited to a wide range of pHs and temperatures. The 

15 present invention also finds use in applications where peracid hydrolysis is useful, such as 
in the clean up of peracids. 

Furthermore, the present invention provides means to produce perhydrolase 
enzymes suitable for cleaning, disinfecting, bleaching, and other applications, including 
pCTSohalcare. 

20 

DESCRIPTION OF THE FIGURES 

Figure* 1 provides a phyiogenetic tree of M smegmatis perhydrolase and other 
related sequences. 

Figure 2 provides an overview phyiogenetic tree, showing the major branches of 
25 the bacteria and the origin of the active clones/sequences compared to M smegmatis. 

Figure 3 provides a schematic of four structural families of serine hydrolases, 
including perhydrolase (SGNH-hydrolase family), chymotrypsin, subtilisin, and a/|J 
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hydrolase. 

Figure 4 provides a diagram of the structure of the perhydrolase fold 
Figure 5 provides a map of plasmidpET26-M4aElL ~ 
Figure 6 provides a purification table showing the enzyme activity of the enzyme 
5 of the present invention through various steps in the purification process. 

Figure 7 provides a graph which shows the ratio of perbutyric acid to butyric acid 

generated by various enzymes from 1 0 mM tributyrin and 29 mM hydrogen peroxide in 

40 minutes, . 

Figure 8 provides a graph showing the peracid production by 30 mM acetate 
10 equivalents and 29 mM hydrogen peroxide, tested at various pHs. These results show 
that using the perhydrolase composition of the present invention, there is peracid 
generation over a wide pH range. In contrast, with TAED and hydrogen peroxide, 
peracid generation is limited to alkaline conditions. 

Figure 9 provides a graph showing the peracid production by 0. 1 ppm 
1 5 perhydrolase enzyme in 30 mM ethyl acetate and 20 mM hydrogen peroxide at various 

temperatures. These results show that the perhydrolase of the present invention works at 
a wide range of temperatures, including low temperatures. 

Figure 10 provides a graph showing the ratio of perbutyric acid to butyric acid 
_ generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 4, 
20 10, and 30 minutes. 

Figure 1 1 provides a graph showing the ratio of peracetic acid to acetic add 
generated by various enzymes from 10 mM triacetin and 29 mM hydrogen peroxide in 4 
and 10 minutes. 

Figure 1 2 provides a map of plasmid pMS ATNcoI. 
25 Figure 13 provides a map of plasmid pMSATNcol-1. 

Figure 14 provides a map of plasmid pAH505. 
Figure 1 5 provides a map of plasmid pSFNASally. 
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Figure 16 provides a map of plasmid pCP606. 
Figure 1 7 provides a map of plasmid pCP649. 
Figure 1 8 provides a map of plasmid pSECGT-MSAT. 
Figure 19 provides a map of plasmid pSEGT-phdA4. 
5 Figure 20 provides a map of plasmid pMC355ibs. . 

Figure 21 provides a graph showing the degree of bleaching by three detergents 
tested alone and in comparison with the AT. smegmatis perhydrolase of the present 
invention. 

Figure 22 provides a graph showing the bleaching ability of the M smegmatis 
10 perhydrolase tested on cotton- 
Figure 23 provides a graph showing the bleaching ability of the M. smegmatis 
perhydrolase tested on linen. 



15 DESCRIPTION OF THE INVENTION 

The present invention provides methods and compositions comprising at least one 
perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peracids. In particular, the present invention provides improved methods and 

20 compositions comprising perhydrolysis enzymes with high peracid/acid ratios for 

cleaning, bleaching, disinfecting and other applications. In some preferred embodiments, 
the present invention provides improved methods and compositions for generation of 
peracids. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. 

25 Unless otherwise indicated, the practice of the present invention involves 

conventional techniques commonly used in molecular biology, microbiology, protein 
purification, protein engineering, protein and DNA sequencing, and recombinant DNA 
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fields, which are within the skill of the ait Such techniques are known to those of skill in 
the art and are described in numerous texts and reference works (See e.&. Sambrook et 
al. f "Molecular Cloning: A Laboratory Manual", Second Edition (CokTSpring Harbor), 
[1989]); and Ausubel et al., "Current Protocols in Molecular Biology" [1987]). All 
5 patents, patent applications, articles and publications mentioned herein, both supra and 
infra, are hereby expressly incorporated herein by reference. 

Furthermore, the headings provided herein are not limitations of the various 
aspects or embodiments of the invention which can be had by reference to the 
specification as a whole. Accordingly, the terns defined immediately below are more 
10 fully defined by reference to the specification as a whole. Nonetheless, in order to 
facilitate understanding of the invention, a number of terms are defined below. 

Definitions 

Unless defined otherwise herein, all technical and scientific terms used herein 
1 5 have the same meaning as commonly understood by one of ordinary skill in the art to 
which this invention pertains. For example, Singleton and Sainsbury, Dictionary of 
Microbiology and Molecular Biology, 2d Ed., John Wiley and Sons, NY (1994); and Hale 
and Maiham, The Harper Collins Dictionary of Biology, Harper Perennial, NY (1991) 
provide those of skill in the art with a general dictionaries of many of the terms used in 
20 the invention. Although any methods and materials similar or equivalent to those 

described herein find use in the practice of the present invention, the preferred methods 
and materials are described herein. Accordingly, the terms defined immediately below 
are more fully described by reference to the Specification as a whole. Also, as used 
herein, the singular terms "a", "an," and "the" include the plural reference unless the 
25 context clearly indicates otherwise. Unless otherwise indicated, nucleic adds are written 
left to right in 5 1 to 3 1 orientation; amino add sequences are written left to right in amino 
to carboxy orientation, respectively. It is to be understood that this invention is not 
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limited to the particular methodology, protocols, and reagents described, as these may 
vary, depending upon the context they are used by those of skill in the art 

It is intended that every maximum numerical limitation given throughout this 
specification includes every lower numerical limitation, as if such lower numerical 
5 limitations were expressly written herein. Every mini'mimi numerical limitation given 
throughout this specification will include every higher numerical limitation, as if such 
higher numerical limitations were expressly written herein. Every numerical range given 
throughout this specification will include every narrower numerical range that falls within 
such broader numerical range, as if such narrower numerical ranges were all expressly 

10 written herein. 

As used herein, the term '"bleaching" refers to the treatment of a material (e.g.. 
fabric, laundry, pulp, etc.) or surface far a sufficient length of time and under appropriate 
pH and temperature conditions to effect a brightening (Le., whitening) and/or cleaning of 
the material. Examples of chemicals suitable for bleaching include but are not limited to 

15 a02,H202,peracids,NQ2,etc. 

As used herein, the term "disinfecting" refers to the removal of contaminants from 
the surfaces, as well as the inhibition or killing of microbes on the surfaces of items. It is 
not intended that the present invention be limited to any particular surface, item, or 
contaminants) or microbes to be removed. 

20 As used herein, the term "perhydrolase" refers to an enzyme that is capable of 

catalyzing a reaction that results in the formation of sufficiently high amounts of peracid 
suitable for applications such as cleaning, bleaching, and disinfecting. In particularly 
preferred embodiments, the perhydrolase enzymes of the present invention produce very 
high perhydrolysis to hydrolysis ratios. The higfc perhydrolysis to hydrolysis ratios of 

25 these distinct enzymes makes these enzymes suitable for use in a very wide variety of 
applications. In additional preferred embodiments, the perhydrolases of the present 
invention are characterized by having distinct tertiary structure and primary sequence. In 
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particularly prefened embodiments, the perhydrolases of the present invention comprises 
distinct primary and tertiary structures. In some particularly preferred embodimatfs, the 
perhydrolases of die present invention comprise distinct quaternary structure, hi some 
preferred embodiments, the perhydrolase of the present invention is the M. smegmatis 
5 perhydrolase, while in alternative embodiments, the perhydrolase is a variant of tins 
perhydrolase, while in still further embodiments, the perhydrolase is a homolog of this 
perhydrolase. In further preferred embodiments, a monomelic hydrolase is engineered to 
produce a multimeric enzyme that has better perhydrolase activity than the monomer. 
However, it is not intended that the present invention be limited to this specific J£ 
10 smegmatis perhydrolase, specific variants of this perhydrolase, nor specific homologs of 
this perhydrolase. 

As used herein, the term "multimer" refers to two or more proteins or peptides 
that are covalently or non-covalently associated and exist as a complex in solution. A 
"dimer" is a multimer that contains two proteins or peptides; a "trimer" contains three 
1 5 proteins or peptides, etc. As used herein, "octamer" refers to a multimer of eigjrt proteins 
or peptides. 

As used herein, the phrase << perhydrolysis to hydrolysis ratio" is the ratio of the 
amount of enzymatically produced peracid to that of enzymatically produced add by the 

perhydrolase, under defined conditions and-within-a defined timer In some preferred 

20 embodiments, the assays provided herein are used to determine the amounts of peracid 
and acid produced by the enzyme. 

As used herein, "personal care products" means products used in the cleaning, 
bleaching and/or disinfecting of hair, skin, scalp, and teeth, including, but not limited to 
shampoos, body lotions, shower gels, topical moisturizers, toothpaste, and/or other 
25 topical cleansers. In some particularly preferred embodiments, these products arc utilized 
on humans, while in other embodiments, these products find use with non-human animals 
in veterinary applications). 
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As used herein, "phannaceutically-acceptable" means that drugs, medicaments 
and/or inert ingredients which the term describes are suitable for use in contact with the 
tissues of humans and other animals without undue toxicity, incompatibility, instability, 
irritation, allergic response, and the like, commensurate with a reasonable benefit/risk 
ratio. 

As used herein, "cleaning compositions" and "cleaning formulations" refer to 
compositions that find use in the removal of undesired compounds from items to be 
cleaned, such as fabric, dishes, contact lenses, other solid substrates, hair (shampoos), 
skin (soaps and creams), teeth (mouthwashes, toothpastes) etc. The term encompasses 
any materials/compounds selected for the particular type of cleaning composition desired 
and the form of the product (e.g., liquid, gel, granule, or spray composition), as long as 
the composition is compatible with the perhydrolase and other enzyme(s) used in the 
composition. The specific selection of cleaning composition materials are readily made 
by considering the surface, item or fabric to be cleaned, and the desired form of the 
composition for the cleaning conditions during use. 

The terms further refer to any composition that is suited for cleaning, bleaching, 
disinfecting, and/or sterilizing any object and/or surface. It is intended that the terms 
include, but are not limited to detergent compositions (e.g., liquid and/or solid laundry 
Hetergents and fine fabric detergents; Hard surface cleaning formulations, such as for 
glass, wood, ceramic and metal counter tops and windows; carpet cleaners; oven cleaners; 
fabric fresheners; fabric softeners; and textile and laundry pre-spotters, as wefl as dish 
detergents). 

Indeed, the torn "cleaning composition" as used herein, includes unless otherwise 
indicated, granular or powder-form all-purpose or heavy-duty washing agents, especially 
cleaning detergents; liquid, gel or paste-form all-purpose washing agents, especially the 
so-called heavy-duty liquid (HDL) types; liquid fine-fabric detergents; hand dishwashing 
agents or light duty dishwashing agents, especially those of die high-foaming type; 
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machine dishwashing agents, including the various tablet, granular, liquid and rinse-aid 
types for household and institutional use; liquid cleaning and disinfecting agents, 
including antibacterial hand-wash types, cleaning bars, mouthwashes, Henture cleaners, 
car or carpet shampoos, bathroom cleaners; hair shampoos and hair-rinses; shower gels 
5 and foam baths and metal cleaners; as well as cleaning auxiliaries such as bleach 
additives and "stain-stick" or pre-treat types. 

As used herein, the terms "detergent composition" and "detergent formulation" 
are used in reference to mixtures which are intended for use in a wash medium for the 
cleaning of soiled objects. In some preferred embodiments, the term is used in reference 

10 to laundering fabrics and/or garments (e.g^ "laundry detergents"). In alternative 

embodiments, the term refers to other detergents, such as those used to clean dishes, 
cutlery, etc. (e.g. p "dishwashing detergents"). It is not intended that the present invention 
be limited to any particular detergent formulation or composition Indeed, it is intended 
that in addition to perhydrolase, the term encompasses detergents that contain surfactants, 

15 transferase^), hydrolytic enzymes, oxido reductases, builders, bleaching agents, bleach 
activators, bluing agents and fluorescent dyes, caking inhibitors, masking agents, enzyme 
activators, antioxidants, and solubilizers. 

As used herein, "enhanced performance" in a detergent is defined as increasing 
cleaning of bleach-sensitive stains (e.g., grass, tea, wine, blood, dingy, etc.), as 

20 determined by usual evaluation after a standard wash cycle. In particular embodiments, 
the perhydrolase of the present invention provides enhanced performance in the oxidation 
and removal of colored stains and soils. In further embodiments, the perhydrolase of die 
present invention provides enhanced performance in the removal and/or decolorization of 
stains. In yet additional embodiments, the perhydrolase of the present invention provides 

25 enhanced performance in the removal of lipid-based stains and soils. In still further 

embodiments, the perhydrolase of the present invention provides enhanced performance 
in removing soils and stains from dishes and other items. 
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As used herein the term "hard surface cleaning composition," refers to detergent 
compositions for cleaning hard surfaces such as floors, walls, tile, bath and kitchen 
fixtures, and the like. Such compositions are provided in any form, including but not 
limited to solids, liquids, emulsions, da 
5 As used herein, "dishwashing composition" refers to all forms for compositions 

for cleaning dishes, including but not limited to granular and liquid forms. 

As used herein, "fabric cleaniijg composition" refers to all forms of detergent 
compositions for cleaning fabrics, including but not limited to, granular, liquid and bar 
forms. - - - 

10 As used herein, "textile" refers to woven fabrics, as well as staple fibers and 

filaments suitable for conversion to or use as yarns, woven, knit, and non-woven fabrics. 
The term encompasses yarns made from natural, as well as synthetic (e.g., manufactured) 
fibers. 

As used herein, "textile materials" is a general term for fibers, yam intermediates, 
1 5 yarn, fabrics, and products made from fabrics (e.g., garments and other articles). 

As used herein, "fabric" enconqwsses any textile material. Thus, it is intended 
that the term encompass garments, as well as fabrics, yarns, fibers, non-woven materials, 
natural materials, synthetic materials, and any other textile material. 

Asused her^ the tenn "conqwiible," means that the cleaning composition 
20 materials do not reduce the enzymatic activity of the perhydrolase to such an extent that 
the perhydrolase is not effective as desired during normal use situations. Specific 
cleaning composition materials are exemplified in detail hereinafter. 

As used herein, "effective amount of perhydrolase enzyme" refers to the quantity 
of perhydrolase enzyme necessary to achieve the enzymatic activity required in the 
25 specific application (e.g. , personal care product, cleaning composition, etc.). Such 

effective amounts are readily ascertained by one of ordinary skill in the art and are based 
on many factors, such as the particular enzyme variant used, the cleaning application, the 
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specific composition of the cleaning composition, and whether a liquid or dry (eg., 
granular, bar) composition is required, and the like. 

As used herein, "non-fabric cleaning compositions" encompassTiani surface 
cleaning compositions, dishwashing compositions, personal care cleaning compositions 
5 (e.g., oral cleaning compositions, denture cleaning compositions, personal cleansing 
compositions, etc.), and compositions suitable for use in the pulp and paper industry. 

As used herein, "oral cleaning compositions" refers to dentifrices, toothpastes, 
toothgels, toothpowders, mouthwashes, mouth sprays, mouth gels, chewing gums, 
lozenges, sachets, tablets, biogels, prophylaxis pastes, dental treatment solutions, and the 
10 like. Oral care compositions that find use in conjunction with the peihydrolases of the 
present invention are well known in the art (See e.g. 9 U.S. Patent Nos 5,601,750, 
6,379,653, and 5,989,526, all of which are incorporated herein by reference). 

As used herein, "pulp treatment compositions" refers to the use of the present 
perhydrolase enzymes in compositions suitable for use in papermaking. It is intended that 
15 the term encompass compositions suitable for the treatment of any pulp material, 

including wood, as well as non-wood materials, such as "agricultural residues'* and "fiber 
crops," including but not limited to wheat straw, rice straw, com stalks, bagasse (sugar 
cane), rye grass straw, seed flax straw, flax straw, kena£ industrial hemp, sisal, textile flat 
.straw, hesperaloe, etc. Thus, the present invention also_encompasses the.useof the 
20 perhydrolases of the present invention in pulp treatment methods. 

As used herein, "oxidizing chemical" refers to a chemical that has the capability 
of bleaching pulp or any other material. The oxidizing chemical is present at an amount, 
pH and temperature suitable for bleaching. The term includes, but is not limited to 
hydrogen peroxide and peracids. 
25 As used herein, "acyl" is the general name ft>r organic acid groups, which are the 

residues of caiboxylic acids after removal of the -OH group (e.g., ethanoyi chloride, 
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CH3CO-CI, is the acyl chloride formed from ethanoic acid, CH3COO-H). Hie names of 
the individual acyl groups are formed by replacing the u -ic" of the acid by a -yi." 

As used herein, the tenn "acylation" refers to the chemical transformation which 
substitutes the acyl (RCO) group into a molecule, generally for an active hydrogen of an 
5 -OH group. 

As used herein, the term * transferase" refers to an enzyme that catalyzes (he 
transfer of functional compounds to a range of substrates. 

As used herein, 'leaving group" refers to the nucleophile which is cleaved from 
the acyl donor upon substitution by another nucleophile. 
10 As used herein, the term "enzymatic conversion" refers to the modification of a 

substrate to an intermediate or the modification of an intermediate to an aid-product by 
contacting the substrate or intermediate with an enzyme, hi some embodiments, contact 
is made by directly exposing the substrate or intermediate to the appropriate enzyme. In 
other embodiments, contacting comprises exposing the substrate or intermediate to an 
1 5 organism that expresses and/or excretes the enzyme, and/or metabolizes the desired 

substrate and/or intermediate to the desired intermediate and/or end-product, respectively. 

As used herein, the phrase "detergent stability" refers to the stability of a detergent 
composition. In some embodiments, the stability is assessed during the use of fee 
~ detergent, while in other embodiments, "the term refers to the stability of a detergent 
20 composition during storage. 

As used herein, the phrase, "stability to proteolysis" refers to the ability of a 
protein (e.g,, an enzyme) to withstand proteolysis. It is not intended that the term be 
limited to the use of any particular protease to assess the stability of a protein. 

As used herein, "oxidative stability" refers to die ability of a protein to function 
25 under oxidative conditions. In particular, the term refers to the ability of a protein to 

function in the presence of various concentrations of H2O2 and/or peracicL Stability under 
various oxidative conditions can be measured either by standard procedures known to 
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those in the art and/or by the methods described herein. A substantial change in oxidative 
stability is evidenced by at least about a 5% or greater increase or decrease (in most 
embodiments, it is preferably an increase) in the half-life of the enzymatic activity, as 
compared to the enzymatic activity present in the absence of oxidative compounds. 
5 As used herein, "pH stability" refers to the ability of a protein to function at a 

particular pH. In general, most enzymes have a finite pH range at which they will 
function. In addition to enzymes that function in mid-range pHs (ie., around pH 7), there 
are enzymes that are capable of working under conditions with vary high or very low pHs. 
Stability at various pHs can be measured either by standard procedures known to those in 
10 the art and/or by the methods described herein. A substantial change in pH stability is 

evidenced by at least about 5% or greater increase or decrease On most embodiments, it is 
preferably an increase) in the half-life of the enzymatic activity, as compared to the 
enzymatic activity at the enzyme's optimum pH. However, it is not intended that the 
present invention be limited to any pH stability level nor pH range. 
1 5 As used herein, "thermal stability" refers to the ability of a protein to function at a 

particular temperature. In general, most enzymes have a finite range of temperatures at 
which they will function. In addition to enzymes that work in mid-range temperatures 
( e -g-> room temperature), there are enzymes that are capable of working in veryirigfc or 

very lpw tempOTtures. Jliermal stability_can he measured either by known procedures or 

20 by the methods described herein. A substantial change in thermal stability is evidenced 

by at least about 5% or greater increase or decrease (in most embodiments, it is preferably 
an increase) in the half-life of the catalytic activity of a mutant when exposed to a 
different temperature (/.e., higher or lower) than optimum temperature for enzymatic 
activity. However, it is not intended that the present invention be limited to any 
25 temperature stability level nor temperature range. 

As used herein, the term "chemical stability" refers to the stability of a protein 
(e.g., an enzyme) towards chemicals that adversely affect its activity. In some 
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embodiments, such chemicals include, but are not limited to hydrogen peroxide, peracids, 
anionic detergents, cationic detergents, non-ionic detergents, chelants, eta However, it 
is not intended that the present invention be.limited to any particular chemical stability 
level nor range of chemical stability. 

5 

As used herein, the phrase '^perhydrolase activity improvement" refers to the 
relative improvement of perhydrolase activity, in comparison with a standard enzyme. In 
some embodiments, the term refers to an improved rate of perhydrolysis product, while in 
other embodiments, the term encompasses perhydrolase compositions that produce less 

10 hydrolysis product In additional embodiments, the term refers to perhydrolase 
compositions with altered substrate specificity. 

As used herein, the phrase "alteration in substrate specificity" refers to changes in 
the substrate specificity of an enzyme. In some embodiments, a change in substrate 
specificity is defined as a difference between the Kcat/Km ratio observed with an enzyme 

1 5 compared to enzyme variants or other enzyme compositions. Enzyme substrate 

specificities vary, depending upon the substrate tested. The substrate specificity of an 
enzyme is determined by comparing the catalytic efficiencies it exhibits with different 
substrates. These determinations find particular use in assessing the efficiency of mutant 
enzymes, as it is generally desired to produce variant enzymes that exhibit greater ratios 

20 for particular substrates of interest For example, the perhydrolase enzymes of the present 
invention are more efficient in producing peracid from an ester substrate than enzymes 
currently being used in cleaning, bleaching and disinfecting applications. Another 
example of the present invention is a perhydrolase with a lower activity on peracid 
degradation compared to the wild type. Another example of the present invention is a 

25 perhydrolase with higher activity on more hydrophobic acyl groups than acetic acid 
However, it is not intended that the present invention be limited to any particular 
substrate composition nor any specific substrate specificity. 



48 



p C1 WO^0^6782 W b+3 q 4 - PCT/US2004/040438 
GC821-2 Q @ 



As used herein, "surface property" is used in reference to an electrostatic charge, 
as well as properties such as the hydrophobicity and/or hydrophilicity exhibited by the 
surface of a protein. — . 

As used herein, the phrase "is independently selected from the group consisting of 

S " means that moieties or elements that are selected from the referenced Markush 

group can be the same, can be different or any mixture of elements as indicated in die 
following example: 

A molecule having 3 R groups wherein each R group is independently selected 
from the group consisting of A, B and C. Here the three R groups may be: AAA, BBB, 
10 CO^AAB,AAC,BBA,BBC,CX^CCB,orABC. 

In reference to chemical compositions, the torn "substituted** as used herein, 
means that the organic composition or radical to which the term is applied is: ■ 

(a) made unsaturated by the elimination of at least one element or radical; or 

(b) at least one hydrogen in the compound or radical is replaced with a moiety 
15 containing one or more (i) caibon, (ii) oxygen, (iii) sulfur, (iv) nitrogen or (v) 

halogen atoms; or 

(c) both (a) and (b). 

Moieties which may replace hydrogen as described in (b) immediately above, that contain 
only caibon and Jiydrogen atomfy areiiydrocaibon moieties inclxidiag,-but not limited to, 

20 alkjd, alkenyi, alkynyi, alkyldienyl, cyeloalkyl, phenyl, alkyl phenyl, naphthyi, anthryi, 
phenanthryl, fluoryl, steroid groups, and combinations of these groups with each other 
and with polyvalent hydrocarbon groups such as alkylene, alkyiidene and alkyiidyne 
groups. Moieties containing oxygen atoms that may replace hydrogen as described in (b) 
immediately above include, but are not limited to, hydroxy, acyi or keto, ether, epoxy, 

25 carboxy, and ester containing groups. Moieties containing sulfur atoms that may replace 
hydrogen as described in (b) immediately above include, but are not limited to, the sulfur- 
containing acids and acid ester groups, thioether groups, mercapto groups and thioketo 
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groups. Moieties containing nitrogen atoms that may replace hydrogen as described in 
(b) immediately above include, but are not limited to, amino groups, the nitro group, azo 
groups, ammonium groups, amide groups, azido groups, isocyanate groups, cyano groups 
and nitrile groups. Moieties containing halogen atoms that may replace hydrogen as 
5 described in (b) immediately above include chloro, bromo, fluoro, iodo groups and any of 
the moieties previously described where a hydrogen or a pendant alky! group is 
substituted by a halo group to form a stable substituted moiety. 

It is understood that any of the above moieties (b)(i) through (b)(v) can be 
substituted into each other in eifheTa monovalent substitution or by loss of hydrogen in a 
1 0 polyvalent substitution to form another monovalent moiety that can replace hydrogen in 
the organic compound or radical 

As used herein, the terms "purified" and "isolated" refer to die removal of . 
contaminants from a sample. For example, perhydrolases are purified by removal of 
contaminating proteins and other compounds within a solution or preparation that are not 
15 perhydrolases. In some embodiments, recombinant perhydrolases are expressed in 
bacterial or fungal host cells and these recombinant perhydrolases are purified by die 
removal of other host cell constituents; the percent of recombinant perhydrolase 
polypeptides is thereby increased in the sample. 

As used herein, "protein of interest," refers to a protein (e.g., an enzyme or 
20 "enzyme of interest") which is being analyzed, identified and/or modified Naturally- 
occurring, as well as recombinant proteins find use in the present invention. 

As used herein, "protein" refers to any composition comprised of amino acids and 
recognized as a protein by those of skill in the art The terms "protein," "peptide" and 
polypeptide are used interchangeably herein. Wherein a peptide is a portion of a protein, 
25 those skilled in the art understand the use of the term in context 

As used herein, functionally and/or structurally similar proteins are considered to 
be "related proteins." In some embodiments, these proteins are derived from a different 
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genus and/or species, including differences between classes of organisms (e.g., a bacterial 
protein and a fungal protein). In some embodiments, these proteins are derived from a 
different genus and/or species, including differences between classes of organisms (e.g^ a 
bacterial enzyme and a fungal enzyme). In additional embodiments, related proteins are 
5 provided from the same species. Indeed, it is not intended that the present invention be 
limited to related proteins from any particular source(s). In addition, the tern "related 
proteins" encompasses tertiary structural homologs and primary sequence homologs (e^., 
the perhydrolase of the present invention). In further embodiments, the tarn 
encompasses proteins that are immunologically cross-reactive, hi most particularly 

10 preferred embodiments, the related proteins of the present invention very high ratios of 
perhydrolysis to hydrolysis. 

As used herein, the term "derivative" refers to a protein which is derived from a 
protein by addition of one or more amino acids to either or both the C- and N-terminal 
end(s), substitution of one or more amino acids at one or a number of different sites in the 

1 5 amino acid sequence, and/or deletion of one or more amino acids at either or both ends of 
the protein or at one or more sites in the amino acid sequence, and/or insertion of one or 
more amino acids at one or more sites in the amino acid sequence. The preparation of a 
protein derivative is preferably achieved by modifying a DNA sequence which encodes 
for the native protein, transformation of that DNA sequence into a suitable host, and 

20 expression of the modified DNA sequence to form the derivative protein. 

Related (and derivative) proteins comprise "variant proteins." In some preferred 
embodiments, variant proteins differ from a parent protein and one another by a small 
number of amino acid residues. The number of differing amino acid residues may be one 
or more, preferably 1, 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, or more amino acid residues, hi 

25 some preferred embodiments, the number of different amino acids between variants is 
between 1 and 10. In some particularly preferred embodiments, related proteins and 
particularly variant proteins comprise at least 35%, 40%, 45%, 50%, 55%, 60%, 65%, 
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70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% amino acid sequence identity. 
Additionally, a related protein or a variant protein as used herein, refers to a protein that 
differs from another related protein or a parent protein in the number ofprominent 
regions. For example, in some embodiments, variant proteins have 1, 2, 3, 4, 5, or 10 
5 corresponding prominent regions that differ from the parent protein. 

Several methods are known in the art that are suitable for generating variants of 
the perhydrolase enzymes of the present invention, including but not limited to site- 
saturation mutagenesis, scanning mutagenesis, insertional mutagenesis, random 
mutagenesis, site-directed mutagenesis, and directed-evolution, as well as various other 

10 recombinatorial approaches. 

In particularly preferred embodiments, homologous proteins are engineered to 
produce enzymes with the desired activities). In some particularly preferred 
embodiments, the engineered proteins are included within the SGNH-hydrolase family of 
proteins. In some most preferred embodiments, the engineered proteins comprise at least 

1 5 one or a combination of the following conserved residues: L6, W14, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, Gl 10, LI 14, L135, F180, G205. In alternative 
embodiments, these engineered proteins comprise the GDSL-GRTT and/or ARTT motifs. 
In further embodiments, the enzymes are mul timers, including but not limited to dimers, 
octamers, and tetramers. In yet additional preferred embodiments, the engineered 

20 proteins exhibit a perhydrolysis to hydrolysis ratio that is greater than 1 . 

An amino acid residue of a perhydrolase is equivalent to a residue of M 
smegmatis perhydrolase if it is; either homologous (/.e., having a corresponding position 
in either the primary and/or tertiary structure) or analogous to a specific residue or portion 
of that residue in M. smegmatis perhydrolase (i.e., having the same or similar functional 

25 capacity to combine, react, and/or chemically interact). 

In some embodiments, in order to establish homology to primary structure, the 
amino acid sequence of a perhydrolase is directly compared to the M. smegmatis 
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peihydrolase primary sequence and particularly to a set of residues known to be invariant 
in all perhydrolases for which sequence is known. After aligning the conserved residues, 
allowing for necessary insertions and deletions in order to maintain alignment (Le„ 
avoiding the elimination of conserved residues through arbitrary deletion and insertion), 

5 the residues equivalent to particular amino acids in the primary sequence ofA£ smegmatis 
peihydrolase are defined In preferred embodiments, alignment of conserved residues 
conserves 100% of such residues. However, alignment of greater than 75% or as little as 
50% of conserved residues are also adequate to define equivalent residues. In preferred 
embodiments, conservation of Ac catalytic serine and histidine residues are maintained. 

10 Conserved residues are used to define the corresponding equivalent amino add residues 
of M. smegmatis peihydrolase in other perhydrolases (e.#., perhydrolases from other 
Mycobacterium species, as well as any other organisms). 

In some embodiments of the present invention, the DNA sequence encoding M 
smegmatis peihydrolase is modified. In some embodiments, the following residues are 

15 modified: Cys7, AsplO, Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pio24, Thr25, Leu53, 
Ser54, Ala55, Thr64, Asp65, Arg67, Cys77, Thr91, Asn94, Asp95, Tyi99, Vall25, 
Prol38, Leul40, Prol46, Prol48, Trpl49, PhelSO, Del53, Phel54, Thrl59, Hirl86, 
Ilel92,Ilel94,andPhel96. Ho wever, it is not intended that the present invention be 
— limited to sequence that are modified at these positions. Indeed, it is intended that the 

20 present invention encompass various modifications and combinations of modifications. 

In additional embodiments, equivalent residues are defined by determining 
homology at the level of tertiary structure for a peihydrolase whose tertiary structure has 
been determined by x-ray crystallography. In tins context, "equivalent residues" are 
defined as those for which the atomic coordinates of two or more of the main chain atoms 

25 of a particular amino acid residue of the caibonyl hydrolase and Af. smegmatis 

peihydrolase (N on N, CA on CA, C on C, and O on O) are within 0.13nm and preferably 
0.1 nm after alignment Alignment is achieved after the best model has been oriented and 
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positioned to give the maximum overlap of atomic coordinates of non-hydrogen protein 
atoms oftbe perhydrolase in question to the M. smegmatis perhydrolase. As known in the 
art, the best model is the crystallographic model giving the lowest R factor for 
experimental diffiaction data at the highest resolution available. Equivalent residues 
5 which are functionally and/or structurally analogous to a specific residue ofAf. smegmatis 
perhydrolase are defined as those amino acids of the peAydrolases that preferentially 
adopt a conformation such that they either alter, modify or modulate the protein 
structure, to effect changes in substrate binding and/or catalysis in a manner defined and 
attributed to a specific residue of the M. smegmatis perhydrolase. Further they are those 

1 0 residues of the perhydrolase (in cases where a tertiary structure has been obtained by x- 
ray crystallography), which occupy an analogous position to the extent that although the 
main chain atoms of the given residue may not satisfy the criteria of equivalence on the 
basis of occupying a homologous position, the atomic coordinates of at least two of the 
side chain atoms of the residue lie with 0,13 nm of the corresponding side chain atoms of 

15 M. smegmatis perhydrolase. The coordinates of the three dimensional structure of M. 

smegmatis perhydrolase were determined and are set forth herein (See e.g^ Example 14) 
and find use as outlined above to determine equivalent residues on the level of tertiary 
structure. 

In some embodim«its, some of the residues identified for substitution, insertion or 
20 deletion are conserved residues whereas others are not The perhydrolase-mutants of the 
present invention include various mutants, including those encoded by nucleic acid that 
comprises a signal sequence. In some embodiments of perhydrolase mutants that are 
encoded by such a sequence are secreted by an expression host In some further 
embodiments, the nucleic acid sequence comprises a homolog having a secretion signal. 
25 Characterization of wild-type and mutant proteins is accomplished via any means 

suitable and is preferably based on the assessment of properties of interest For example, 
pH and/or temperature, as well as detergent and /or oxidative stability is/are determined 
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in some embodiments of the present invention. Indeed, it is contemplated that enzymes 
having various degrees of stability in one or more of these characteristics (pH, 
temperature, proteolytic stability, detergent stability, and/or oxidative stability) will find 
use. In still other embodiments, perhydrolases with low peracid degradation activity are 
5 selected. 

As used herein, "expression vector" refers to a DNA construct containing a DN A 
sequence that is operably linked to a suitable control sequence capable of effecting the 
expression of the DNA in a suitable host Such control sequences include a promoter to 
effect transcription, an optional operator sequence to control such transcription, a 

1 0 sequence encoding suitable mRNA ribosome binding sites and sequences which control 
termination of transcription and translation. The vector may be a plasmid, a phage 
particle, or simply a potential genomic insert. Once transformed into a suitable host, the 
vector may replicate and function independently of the host genome, or may, in some 
instances, integrate into the genome itself. In the present specification, "plasmid," 

1 5 "expression plasmid," and "vector" are often used interchangeably as the^plasmid is the 
most commonly used form of vector at present However, the invention is intended to 
include such other forms of expression vectors that serve equivalent functions and which 
are, or become, known in the art 

In some preferred embodiments, the perhydrolase gene is ligated into an 

20 appropriate expression plasmid. The cloned perhydrolase gene is then used to transform 
or transfect a host cell in order to express the perhydrolase gene. This plasmid may 
replicate in hosts in the sense that it contains die well-known elements necessary for 
plasmid replication or the plasmid may be designed to integrate into the host 
chromosome. The necessary elements are provided for efficient gene expression a 

25 promoter operably linked to the gene of interest). In some embodiments, these necessary 
elements are supplied as the gene's own homologous promoter if it is recognized, (i.e., 
transcribed, by the host), a transcription terminator (a polyadenyiation region for 
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eukaiyotic host cells) which is exogenous or is supplied by the endogenous terminator 
region of the pcrhydrolase gene. In some embodiments, a selection gene such as an 
antibiotic resistance gene that enables continuous cultural maintenance of plasmid- 
infected host cells by growth in antimicrobial-containing media is also included 
5 The following cassette mutagenesis method may be used to facilitate the 

construction of the perhydrolase variants of the present invention, although other methods 
may be used 

First, as described herein, a naturally-occurring gene encoding the perhydrolase is 
obtained and sequenced in whole or in part Then, the sequence is scanned fin- a point at 

1 0 which it is desired to make a mutation (deletion, insertion or substitution) of one or more 
amino acids in the encoded perhydrolase. Hie sequences flanking tins point are evaluated 
for the presence of restriction sites for replacing a short segment of the gene with an 
oligonucleotide pool which when expressed will encode various mutants. Such 
restriction sites are preferably unique sites within the protein gene so as to facilitate the 

1 5 replacement of the gene segment. However, any convenient restriction site which is not 
overly redundant in the peAydrolase gene may be used, provided the gene fragments 
generated by restriction digestion can be reassembled in proper sequence. If restriction 
sites are not presort at locations within a convenient distance from the selected point 
(from 10 to IS nucleotides), such sites are generated by substituting nucleotides in the 

20 gene in such a fashion that neither the reading frame nor the amino acids encoded are 

changed in the final construction. Mutation of the gene in order to change its sequence to 
conform to the desired sequence is accomplished by Ml 3 primer extension in accord with 
generally known methods. The task of locating suitable flanking regions and evaluating 
the needed changes to arrive at two convenient restriction site sequences is made routine 

25 by the redundancy of the genetic code, a restriction enzyme map of the gene and the large 
number of different restriction enzymes. Note that if a convenient flanking restriction site 
is available, the above method need be used only in connection with the flanking region 
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which does not contain a site. 

Once the naturally-occurring DNA and/or synthetic DNA is cloned, the restriction 
sites flanking the positions to be mutated are digested with the cognate-restriction . 
enzymes and a plurality of end termini-complementary oligonucleotide cassettes are 
5 ligated into die gene. The mutagenesis is simplified by this method because all of the 
oligonucleotides can be synthesized so as to have the same restriction sites, and no 
synthetic linkers are necessary to create the restriction sites. 

As used herein, "corresponding to," refers to a residue at the enumerated position 
in a protein or peptide, or a residue that is analogous, homologous, or equivalent to an 
10 enumerated residue in a protein or peptide. 

As used herein, "corresponding region," generally refers to an analogous position 
along related proteins or a parent protein. 

The terms "nucleic acid molecule encoding," "nucleic arid sequence encoding," 
"DNA sequence encoding," and "DNA encoding" refer to the order or sequence of 
1 5 deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these 

deoxyribonucleotides determines the order of amino adds along the polypeptide (protein) 
chain. The DNA sequence thus codes for the amino acid sequence. 

As used herein, the term "analogous sequence" refers to a sequence within a 
-protem that provides^ conserved residues as the 

20 protein of interest (Le., typically the original protein of interest). For example, in epitope 
regions that contain an alpha helix or a beta sheet structure, the replacement amino adds 
in the analogous sequence preferably maintain the same specific structure. The term also 
refers to nucleotide sequences, as well as amino acid sequences. In some embodiments, 
analogous sequences are developed such that the replacement amino acids result in a 
25 variant enzyme showing a similar or improved function. In some preferred embodiments, 
the tertiary structure and/or conserved residues of the amino acids in the protein of 
interest are located at or near the segment or fragment of interest Thus, where the 
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segment or fragment of interest contains, for example, an alpha-helix or a beta-sheet 
structure, the replacement amino acids preferably maintain that specific structure. 

As used herein, "homologous protein" refers to a protein (e.g. t perhydrolase) that 
has similar action and/or structure, as a protein of interest (e.#., an perhydrolase fiom 
5 another source). It is not intended that homologs be necessarily related evohrtionarily. 
Thus, it is intended that the term encompass the same or similar enzyme(s) in terms 
of structure and function) obtained from different species, hi some preferred 
embodiments, it is desirable to identify a homolog that has a quaternary, tertiary ami/or 
primary structure similar to the protein of interest, as replacement for the segment or 
1 0 fragment in the protein of interest with an analogous segment fiom the homolog will 
reduce the disruptiveness of the change. In some embodiments, homologous proteins 
have induce similar immunological response(s) as a protein of interest 

As used herein, "homologous genes" refers to at least a pair of genes from 
different species, which genes correspond to each other and which are identical or very 
1 5 similar to each other. The term encompasses genes that are separated by speciation (i.e., 
the development of new species) (e.g., orthologous genes), as well as genes that have 
been separated by genetic duplication (e.g, paralogous genes). These genes encode 
"homologous proteins.** 

As used herein, "ortholog" and "orthologous genes" refer to genes in 'different 
20 species that have evolved from a common ancestral gene (i.e., a homologous gene) by 
speciation. Typically, orthologs retain the same function during the course of evolution. 
Identification of orthologs finds use in the reliable prediction of gene function in newly 
sequenced genomes. 

As used herein, << paralog" and "paralogous genes" refer to genes that are related 
25 by duplication within a genome. While orthologs retain the same function through the 

course of evolution, paralogs evolve new functions, even though some functions are often 
related to the original one. Examples of paralogous genes include, but are not limited to 
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gates encoding trypsin, chymotrypsin, elastase, and thrombin, which are all serine 
proteinases and occur together within the same species. 

As used herein, "wild-type" and "native" proteins are those found in nature. Hie 
terns "wild-type sequence," and "wild-type gene" are used interchangeably herein, to 
5 refer to a sequence that is native or naturally occurring in a hostcelL In some 

embodiments, the wild-type sequence refers to a sequence of interest that is the starting 
point of a protein engineering project The genes encoding the naturally^occurring 
protein may be obtained in accord with the general methods known to those skilled in die 
art The methods generally comprise synthesizing labeled probes having putative 
10 sequences encoding regions of the protein of interest, preparing genomic libraries from 
organisms expressing the protein, and screening the libraries for the gene of interest by 
hybridization to the probes. Positively hybridizing clones are then mapped and 
sequenced. 

The term "recombinant DNA molecule" as used herein refers to aDNA molecule 
1 5 that is comprised of segments of DNA joined together by means of molecular biological 
techniques. 

The term "recombinant oligonucleotide" refers to an oligonucleotide created using 

» 

molecular biological manipulations, including but not limited to, the ligation of two or 

more-oligonucleotidesequences generated J?y restriction enzyme digestion of * — - 

20 polynucleotide sequence, the synthesis of oligonucleotides (e.g., the synthesis of primers 

or oligonucleotides) and the like. 

The degree of homology between sequences may be determined using any suitable 

method known in the art (See e.g., Smith and Waterman, Adv. Appl. Math., 2:482 [1981]; 

Needleman and Wunsch, J. MoL Biol., 48:443 [1970]; Pearson and Lipman, Proc. Natl. 
25 Acad. Sci. USA 85:2444 [1988]; programs such as GAP, BESTFTT, FASTA, and 

TFASTA in the Wisconsin Genetics Software Package (Genetics Compute* Group, 

Madison, WI); and Devereux et a/., Nucl. Acid Res., 12:387-395 [1984]). 
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For example, PDLEUP is a useful program to determine sequence homology 
levels. PDLEUP creates a multiple sequence alignment from a group of related sequences 
using progressive, pairwise alignments, ft can also plot a tree showingihe clustering 
relationships used to create the alignment PILEUP uses a simplification of die 
5 progressive alignment method of Feng and Doolittle, (Feng and Doolittle, J. MoL Evol., 
35:35 1-360 [1987]), The method is similar to that described by ffigpns and Sharp 
(Higgins and Sharp, CABIOS 5:151-153 [1989]). Useful PILEUP parameter including a 
default gap weight of 3.00, a default gap length weight of 0.10, and weighted end gaps. 
Another example of a useful algorithm is the BLAST algorithm, described by Altschul et 

10 a/., (Altschul et al. 9 J. MoL BioL, 215:403-410, [1990]; and KarHn et al^ Proa NatL 

Acad. Sci. USA 90:5873-5787 [1993]). One particularly useful BLAST program is the 
WU-BLAST-2 program (See, Altschul et al., Meth. Enzymol.,, 266:46<M80 [1996]). 
parameters "W," *T, M and "X" determine die sensitivity and speed of the alignment The 
BLAST program uses as defaults a wordlength (W) off 1 1, the BLOSUM62 scoring 

15 . matrix (See, Henikoff and Henikofij Proc. Natl. Acad. Sci. USA 89:10915 [1989]) 

alignments (B) of 50,' expectation (E) of 10, M'5, NM, and a comparison of both strands. 

As used herein, "percent (%) nucleic acid sequence identity" is defined as the 
percentage of nucleotide residues in a candidate sequence that are identical with the 
nucleotide residues of the sequence. 

20 As used herein, the term "hybridization" refers to the process by which a strand of 

nucleic acid joins with a complementary strand through base pairing, as known in the art 

As used herein, the phrase "hybridization conditions" refers to the conditions 
under which hybridization reactions are conducted These conditions are typically 
classified by degree of "stringency" of the conditions under which hybridization is 

25 measured. The degree of stringency can be based, for example, on the melting 

temperature (Tm) of the nucleic acid binding complex or probe. For example; "maximum 
stringency" typically occurs at about Tm-5°C (5° below the Tm of the probe); "high 
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stringency' 1 at about 5-10° below the Tm; "intermediate stringency" at about 10-20° below 
the Tm of the probe; and "low stringency" at about 20:25° below the Tm. Alternatively, 
or in addition, hybridization conditions can be based upon die salt or ionic strength 
conditions of hybridization and/or one or more stringency washes. For example, 6xSSC 

5 = very low stringency; 3xSSC = low to medium stringency; lxSSC = medium stringency; 
and 0.5xSSC = high stringency. Functionally, maximum stringency conditions may be 
used to identify nucleic acid sequences having strict identity or near-strict identity with 
the hybridization probe; while high stringency conditions are used to identify nucleic add 
sequences having about 80% or more sequence identity with the probe. 

10 For applications requiring high selectivity, it is typically desireable to use 

relatively stringent conditions to form the hybrids (e.g., relatively low salt and/or high 
temperature conditions are used). . 

The phrases "substantially similar and "substantially identical" in the context of at 
least two nucleic acids or polypeptides typically means that a polynucleotide or 

15 polypeptide comprises a sequence that has at least about 40% identity, more preferable at 
least about 50% identity, yet more preferably at least about 60% identity, preferably at 
least about 75% identity, more preferably at least about 80% identity, yet more preferably 
at least about 90%, still more preferably about 95%, most preferably about 97% identity, 
sometimes as much as about 98% and about 99% sequence identity, compared to the 

20 reference wild-type) sequence. Sequence identify may be determined using known 
programs such as BLAST, ALIGN, and CLUSTAL using standard parameters. (See e.g., 
Altsdiul, etal % L MoL Biol. 215:403-410 [1990]; Henikoffefa/., Proa Natl. Acad. Set 
USA 89:10915 [1989]; Karin et aL, Proc. NatL Acad. Sci USA 90:5873 [1993]; and 
Higgins et aL 9 Gene 73:237 - 244 [1988]). Software for performing BLAST analyses is 

25 publicly available through the National Center for Biotechnology Information. Also, 
databases may be searched using FASTA (Pearson et a/., Proc. Natl. Acad ScL USA 
85:2444-2448 [1988]). One indication that two polypeptides are substantially identical is 
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that the first polypeptide is immunologically cross-reactive with the second polypeptide. 
Typically, polypeptides that differ by conservative amino acid substitutions are 
immunologically cross-reactive. Thus, a polypeptide is substantially identical to a second 
polypeptide, for example, where the two peptides differ only by a conservative 
5 substitution. Another indication that two nucleic acid sequences are substantially 

identical is that the two molecules hybridize to each other under stringent conditions (e.g. y 
within a range of medium to high stringency). 

As used herein, "equivalent residues" refers to protons that share particular amino 
acid residues. For example, equivalent resides may be identified by detennining 

10 homology at the level of tertiary structure for a protein (e.g n perhydrolase) whose tertiary 
structure has been determined by x-ray crystallography. Equivalent residues are defined 
as those for which the atomic coordinates of two or more of the main chain atoms of a 
particular amino acid residue of the protein having putative equivalent residues and file 
protein of interest (N on N, CA on CA, C on C and O on O) are within 0.13 nm and 

1 5 preferably 0.1 nm after alignment. Alignment is achieved after the best model has been 
oriented and positioned to give the maximum overlap of atomic coordinates of non- 
hydrogen protein atoms of the proteins analyzed. The preferred model is the 
crystallographic model giving the lowest R factor for experimental diffraction data at the 
highest resolution available, determined using methods known to those skilled in the art 

20 of crystallography and protein characterization/analysis. 

As used herein, the terms "hybrid perhydrolases" and "fusion perhydrolases" refer 
to proteins that are engineered from at least two different or "parental" proteins. In 
preferred embodiments, these parental proteins are homologs of one another. For 
example, in some embodiments, a preferred hybrid perhydrolase or fusion protein 

25 contains the N-terminus of a protein and the C-terminus of a homolog of the protein. In 
some preferred embodiment, the two terminal ends are combined to correspond to the 
full-length active protein. 
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The term "regulatory element" as used herein refers to a genetic element that 
controls some aspect of the expression of nucleic acid sequences. For example, a 
promoter is a regulatory element which facilitates the initiation of transaction of an 
operably linked coding region. Additional regulatory elements include splicing signals, 
5 polyadenylation signals and termination signals. 

As used herein, "host cells" are generally prokaryotic or eukaryotic hosts which 
are transformed or transfected with vectors constructed using recombinant DNA 
techniques known in the art Transformed host cells are capable of either replicating 
vectors encoding the protein variants or expressing the desired protein variant In the 
1 0 case of vectors which encode the pre- or prepro-form of the protein variant, such variants, 
when expressed, are typically secreted from the host cell into the host cell medium. 

The term "introduced" in the context of inserting a nucleic add sequence into a 
cell, means transformation, transduction or transfection. Means of transformation include 
protoplast transformation, calcium chloride precipitation, eiectroporation, naked DNA 
15 and the like as known in the art (See, Chang and Cohen, MoL Gen. Genet, 168:1 11-115 
[1979]; Smith et al, Appl. Env. MicrobioL, 51:634 [1986]; and the review article by 
Ferrari et al, in Harwood, Ratlins, Plenum Publishing Corporation, pp. 57-72 [1989©. 
The tain "promoter/enhancer" denotes a segment of DNA which contains 

sequences capable of providingboth promoter and_rahan(»Junctions.(for-example, the 

20 long terminal repeats of retroviruses contain both promoter and enhancer functions). Hie 
enhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An 
endogenous enhancer/promoter is one which is naturally linked with a given gene in the 
genome. An exogenous (heterologous) enhancer/promoter is one which is placed in 
juxtaposition to a gene by means of genetic manipulation molecular biological 
25 techniques). 

The presence of "splicing signals" on an expression vector often results in higher 
levels of expression of the recombinant transcript. Splicing signals mediate the removal 
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of introns from the primary RNA transcript and consist of a splice donor and acceptor site 
(Sambrook et ai, Molecular Cloning: A Laboratory Manual, 2nd ed, Cold Spring 
Harbor Laboratory Press, New York [1989], pp. 16.7-16.8). A commonly used splice 
donor and acceptor site is the splice junction from the 1 6S RNA of SV40. 
5 . . The term "stable transfection" or "stably transfected" refers to the introduction and 
integration of foreign DNA into the genome of thetransfected cdL The term "stable 
transfectant" refers to a cell which has stably integrated foreign or exogenous DNA into 
the genomic DNA of the transfected cdl. 

The terms "selectable marker" or "selectable gene product" as used herein refer to 

10 the use of a gene which encodes an enzymatic activity that confess resistance to an 
antibiotic or drug upon the cell in which the selectable marker is expressed. 

As used herein, the terms "amplification" and "gene amplification" refer to a 
process by which specific DNA sequences are disproportionately replicated such that the 
amplified gene becomes present in a higher copy number than was initially present in the 

1 5 genome. In some embodiments, selection of cells by growth in the presence of a drug 
(e.g. 9 an inhibitor of an inhibitable enzyme) results in the amplification of either the 
endogenous gene encoding the gene product required for growth in the presence of die 
drug or by amplification of exogenous (/.e., input) sequences encoding this gene product, 
or both. Selection of cells by growth in the presence of a drug (e.g., an inhibitor of an 

20 inhibitable enzyme) may result in the amplification of either the endogenous gene 
encoding the gene product required for growth in the presence of the drug or by 
amplification of exogenous (Le. , input) sequences encoding this gene product, or both. 

"Amplification" is a special case of nucleic acid replication involving template 
specificity. It is to be contrasted with non-specific template replication (le., replication 

25 that is template-dependent but not dependent on a specific template). Template 

specificity is here distinguished from fidelity of replication (i.e., synthesis of the proper 
polynucleotide sequence) and nucleotide (ribo- or deoxyribo-) specificity. Template 
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specificity is frequently described in teans of "target" spedfidty. Target sequences are 
"targets" in the sense that they are sought to be sorted out from other nucleic add. 
Amplification techniques have been designed primarily for this sorting^nL 

As used herein, the term "co-amplification" refers to the introduction into a single 
5 cell of an amplifiable marker in conjunction with other gene sequences (Le^ comprising 
one or more non-selectable genes such as those contained within an expression vector) 
and the application of appropriate selective pressure such that the cell amplifies both the 
amplifiable marker and the other, non-selectable gene sequences. The amplifiable marker 
may be physically linked to the other gene sequences or alternatively two separate pieces 

10 of DNA, one containing the amplifiable marker and the other containing the non- 
selectable marker, may be introduced into the same cell. 

As used herein, the terms "amplifiable marker," "amplifiable gene," and 
"amplification vector" refer to a marker, gene or a vector encoding a gene which permits 
the amplification of that gene under appropriate growth conditions. 

IS As used herein, the term "amplifiable nucleic add" refers to nucldc adds which 

may be amplified by any amplification method. It is contemplated that "amplifiable 
nucldc add" will usually comprise "sample template," 

As used herein, the term "sample template" refers to nucldc acid originating from 
a sample, which is anal yzed f or the presence of "target" (defined below). In contrast, 

20 "background template" is used in reference to nucldc add other than sample template 
which may or may not be present in a sample. Background template is most often 
inadvertent It may be the result of carryover, or it may be due to the presence of nucldc 
add contaminants sought to be purified away from die sample. For example, nucldc 
acids from organisms other than those to be detected may be present as background in a 

25 test sample. 

"Template spedfidty" is achieved in most amplification techniques by the choice 
of enzyme. Amplification enzymes are enzymes that, under conditions they are used, will 
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process only specific sequences of nucleic acid in a heterogeneous mixture of nucleic 
acid. For example, in the case of Qp replicase, MDV-1 RNA is the specific template for 
the replicase (See e.g., Kacian et a/., Proc. Natl. Acad. Sci. USA 69:303~8 [1972]). Other 
nucleic adds are not replicated by this amplification enzyme. Similarly, in the case of T7 
5 RNA polymerase, this amplification enzyme has a stringent specificity for its own • 
promoters (See, Chamberlin et al> Nature 228:227 [1970]). In the case of T4 DNA 
ligase, the enzyme will not ligate the two oligonucleotides or polynucleotides, where 
there is a mismatch between the oligonucleotide or polynucleotide substrate and the 
template at the ligation junction (See, Wu and Wallace, Genomics 4:560 [1989]). Finally, 

10 Taq and ^polymerases* by virtue of th^ 

found to display high specificity for the sequences bounded and thus defined by die 
primers; the high temperature results in thermodynamic conditions that favor prims' 
hybridization with the target sequences and not hybridization with non-target sequences. 
As used herein, the term "primer" refers to an oligonucleotide, whether occurring 

1 5 naturally as in a purified restriction digest or produced synthetically, which is capable of 
acting as a point of initiation of synthesis when placed under conditions in which 
synthesis of a primer extension product which is complementary to a nucleic acid strand 
is induced, (i.e., in the presence of nucleotides and an inducing agent such as DNA 
polymerase and at a suitable temperature and pH). Hie primer is preferably single 

20 stranded for maximum efficiency in amplification, but may alternatively be double 

stranded. If double stranded, the primer is first treated to separate its strands before being 
used to prepare extension products. Preferably, the primer is an 

oligodeoxyribonucleotide. The prime: must be sufficiently long to prime the synthesis of 
extension products in the presence of (he inducing agent The exact lengths of the 
25 primers will depend on many factors, including temperature, source of primer and the use 
of the method. 

As used herein, the torn "probe" refers to an oligonucleotide a sequence of 
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nucleotides), whether occurring naturally as in a purified restriction digest or produced 
synthetically, recombinantly or by PCR amplification, which is enable of hybridizing to 
another oligonucleotide of interest A probe may be single-stranded ordouble-sbanded 
Probes are useful in the detection, identification and isolation of particular gene 
5 sequences. It is contemplated that any probe used in the present invention will be labeled 
with any "reporter molecule," so that is detectable in any detection system, including, but 
not limited to enzyme (e.g t ELISA, as well as enzyme-based Mstochemical assaysX 
fluorescent, radioactive, and luminescent systems. It is not intended that the present 
invention be limited to any particular detection system or label . . . 

10 As used herein, the term "target," when used in reference to amplification methods 

(e.g., the polymerase chain reaction), refers to the region of nucleic acid bounded by the 
primers used for polymerase chain reaction. Thus, the "target" is sought to be sorted out 
from other nucleic acid sequences. A "segment" is defined as a region of nucleic add 
within the target sequence. 

15 As used herein, the term "polymerase chain reaction" ("PCR") refers to the . . 

methods of U.S. Patent Nos. 4,683,195, 4,683,202, and 4,965,188, hereby incorporated by 
reference, which include methods for increasing the concentration of a segment of a target 
sequence in a mixture of genomic DNA without cloning or purification. This process for 
amplifying the targetsequence consists ofintrodutingalargeexcessof two 

20 oligonucleotide primers to the DNA mixture containing the desired target sequence, 

followed by a precise sequence of thermal cycling in the presence of a DNA polymerase. 
The two primers are complementary to their respective strands of the double stranded 
target sequence. To effect amplification, the mixture is denatured and the primers then 
annealed to their complementary sequences within the target molecule. Following 

25 annealing, the primers are extended with a polymerase so as to form a new pair of 

complementary strands. The steps of denaturation, primer annealing and polymerase 
extension can be repeated many times (£«., denaturation, annealing and extension 



67 



J> C T ^WO3?05/p56782.O 4,3 g PCTAJS2004/040438 
GC821-2 f^) GJ) 



constitute one "cycle"; there can be numerous "cycles") to obtain a high concentration of 
an amplified segment of the desired target sequence. The length of the amplified segment 
of the desired target sequence is determined by the relative positions ofihe primers with 
respect to each other, and therefore, this length is a controllable parameter. By virtue of 
5 the repeating aspect of the process, the method is referred to as the "polymerase chain 
reaction" (hereinafter "PCR"). Because the desired amplified segments of die target 
sequence become the predominant sequences (in terms of concentration) in die mixture, 
they are said to be "PCR amplified". 

As used herein, the team "salification Reagents" refers T to those reagents 

10 (deoxyribonucleotide triphosphates, buffo-, etc), needed for amplification except for 
primers, nucleic acid template and the amplification enzyme. Typically, amplification 
reagents along with other reaction components are placed and contained in a reaction 
vessel (test tube, microwell, etc.). 

With PCR, it is possible to amplify a single copy of a specific target sequence in 

15 genomic DNA to a level detectable by several different methodologies {eg., hybridization 
with a labeled probe; incorporation of biotinyiated primers followed by avidin-enzyme 
conjugate detection; incorporation of 32 P-labeled deoxynucleotide triphosphates, such as 
dCTP or dATP, into the amplified segment). In addition to genomic DNA, any 
oligonucleotide or polynucleotide sequence can be amplified with the appropriate set of 

20 primer molecules. In particular, the amplified segments created by the PCR process itself 
are, themselves, efficient templates for subsequent PCR amplifications. 

As used herein, the terms "PCR product," "PCR fragment," and "amplification 
product" refer to the resultant mixture of compounds after two or more cycles of the PCR 
steps of denaturation, annealing and extension are complete. These terms encompass the 

25 case where there has been amplification of one or more segments of one or more target 
sequences. 

As used herein, the terms "restriction endonucleases" and "restriction enzymes" 
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refer to bacterial enzymes, each of which cut double-stranded DNA at or near a specific 
nucleotide sequence. 

The Present Invention 

5 _ Jn some most particularly preferred embodiments, the present invention finds use 
in die enzymatic generation of peracids from ester substrates and hydrogen peroxide. In 
some preferred embodiments, the substrates are selected from one or more of the 
following: formic acid, acetic acid, propionic add, butyric acid, valeric add, caproic add, 
caprylic add, nonanoic add, decanoic add, dodecanoic add, myristic add, palmitic add, 

10 stearic add, and oldc add. Importantly, the present invention provides means for 

effective cleaning, bleaching, and disinfecting over broad pH and temperature ranges. In 
some embodiments, the pH range utilized in this generation is 4-12. In alternative 
embodiments, the temperature range utilized is between 5* and 90*C. The present 
invention provides advantages over the presently used systems (See e*g., EP Appln. 87- 

15 304933.9) in that bleaching is possible at the optimum pH of perarid oxidation, as well as 
providing bleaching at neutral pH, addic pHs, and at low temperatures. While the 
present invention is described herein most fully in regard to laundry and fabric care, it is 
not intended that the present invention be limited to these applications. Indeed, the 
- present invention-finds use in various settings r particularly-those4n whidi bleaching by. 

20 peradds and/or hydrogen peroxide are desired, including but not limited to laundry, fabric 
treatment, pulp and paper processing, personal care applications, disinfection and 
cleaning of hard surfaces. For example, it is contemplated that the compositions of the 
present invention will find use in bleaching of pulp, including use in methods such as 
those set forth in U.S. Patent Nos. 6,569,286, 5,785,812, 6,165,318, and 4,400,237, all of 

25 which are herein incorporated by reference. 

Historically, sodium perborate, and more recently, sodium percarbonate, have 
been used as bleaching compounds, particularly in European laundry detergents. This 
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compound decomposes rapidly in aqueous solution to yield hydrogen peroxide (H2O2), 
which is die active bleaching species. As sodium perborate is more active at temperatures 
above 80*C, and less active in the temperature range of 40-60°C (i.e., wash temperatures 
that have become most commonly preferred as of the 1950s), bleaching activators have 
5 been incorporated into laundry detergents that contain sodium perborate. Indeed, most 
laundry detergents contain bleaching activators. These activators are compounds with O 
or N-bounded acetyl groups that are able to react with the strongly nucleophilic 
hydroperoxy anion to yield peroxyacetic add Since the reacting species is hydroperoxy 
anion, alkaline pHs are essential for the eflBcient conversion of these activators to 

10 peradds. Hie peroxyacetic acid is decomposed in weakly basic media to form singlet 
oxygen {See, Hofinann et a/., J. Prakt Chem., 334:293-297 [1992]), 

Hydrogen peroxide is a particularly effective bleach at high temperatures (e.g., 
>40°Q and pH (>10), conditions that are typically used in washing fabrics in some 
settings. However, as indicated above, cold water washing is becoming more commonly 

1 5 used and results in less effective bleaching by H2O2 than use of hot water. To overcome 
this low temperature disadvantage, detergent formulations typically include bleach 
booster, such as TAED (N^^'N'^etraacetyleflijdenediamine), NOBS 
(nonanoyloxybenzene sulfonate), etc. These boosters combine with H2O2 to form peracetic 
add, a peradd spedes that is more effective than H2O2 alone. Although it helps the 

20 bleaching capability of detergent, the TAED reaction is only approximately 50% effident, 
as only two out of the four acetyl groups in TAED are converted to peradds. 
Additionally, conversion of TAED into peracetic add by hydrogen peroxide is effident 
only at alkaline pHs and high temperatures. Thus, the TAED reaction is not optimized 
for use in all bleaching applications (e.g^ those involving neutral or acidic pHs, and cold 

25 water). The present invention provides means to overcome the disadvantages of TAED 
use. For example, the present invention finds use in cold water applications, as well as 
those involving neutral or addic pH levels. Furthermore, the present invention provides 
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means for peracid generation from hydrogen peroxide, with a high perhydrolysis to 
hydrolysis ratio. The present invention further provides advantages ova- compositions 
that contain enzymes such as esterases and lipases) which have very loV? perhydrolysis to 
hydrolysis ratios. 

5 In addition to its applications in detergents, the present invention provides 

methods and compositions for the use of peracids in textile bleaching and in various other 
applications. In some embodiments, the present invention provides one-step methods for 
textile processing applications, including but not limited to one-step desizing, scouring 
and bleaching processes. (See e.£.,_EP_ WO 03002810, EP 1255888, WO 0164993, and US 
10 20020007516, all of which are hereby incorporated by reference). As described in greater 
detail herein, in some embodiments, bleaching involves processing textile material before 
it is dyed and/or after it is incorporated into textile goods. However, it is not intended 
that the present invention be limited to any particular regimen of use nor any particular 
textile material. 

1 5 Furthermore, the peracetic technology of the present invention finds use as an 
effective bactericide (See, Baldly, J. Appl. BacterioL, 54:417-423 [1983]). Thus, the 
present invention provides compositions and methods for the sterilization/disinfection of 
various objects, including but not limited to medical devices, medical equipment, 
industrial equipment, and fennenters,- as well as any additional object that needs to be 

20 sterilized or disinfected. As discussed in greater detail below, during the development of 
the present invention, the enzyme of the present invention was used in a standard cell kill 
experiment to demonstrate this suitability. In additional embodiments, the present 
invention provides compositions and methods suitable for use in biofilm control, such as 
in cooling towers. 

25 Also as described in more detail in the Examples below, the present invention 

provides many advantages for cleaning and/or sterilization of a wide range of objects, 
including but not limited to clothing, fabrics, medical devices, etc. In addition, the 



71 



PCT^&?2^ 0 #Z 82 Ml l +38 PCT/US2004/040438 
GC821-2 



present invention provides compositions that are effective in cleaning, bleaching, and 
disinfecting, ova* a range of wash temperatures and pHs. In additional embodiments, the 
present invention finds use in degradation of peracids through the perhydrolase peracid 
degradation activity. In some preferred embodiments, this activity is used in peracid 
5 waste clean up applications. ■ 

Furthermore, the perhydrolase enzymes of the present invention are active on 
various acyi donor substrates, as well as being active at low substrate concentrations, and 
provide means for efficient perhydrolysis due to the high peracidracid ratio. Indeed, it has 
been recognized that higher perhydrolysis to hydrolysis ratios are preferred for bleaching 

10 applications (See e.g., UJS. Patent No. 5,352,594, 5,108,457, 5,030,240, 3974,082, and 
5,296,616, all of which are herein incorporated by reference). In preferred embodiments, 
the perhydrolase enzymes of the present invention provide perhydrolysis to hydrolysis 
ratios that are greater than 1 . In particularly preferred embodiments, the perhydrolase 
enzymes provide a perhydrolysis to hydrolysis ratio greater than 1 and are find use in 

15 bleaching. 

In addition, it has been shown to be active in commonly used detergent 
formulations (e.g., Ariel Futur, WOB, etc.). Thus, the present invention provides many 
advantages in various cleaning settings. 

As indicated above, key components to peracid production by enzymatic 

20 perhydrolysis are enzyme, ester substrate, and hydrogen peroxide. Hydrogen peroxide 
can be either added directly in batch, or generated continuously "w situ" Current 
washing powders use batch additions of H2O2, in the form of percaibonate or perborate 
salts that spontaneously decompose to H2O2. The peAydrolase enzymes of the present 
invention find use in the same washing powder batch method as the H2O2 source. 

25 However, these enzymes also find use with any other suitable source of H2O2, including 
that generated by chemical, electro-chemical, and/or enzymatic means. Examples of 
chemical sources are the percaibonates and perborates mentioned above, while an 
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example of an electrochemical source is a fuel cell fed oxygen and hydrogen gas, and an 
enzymatic example includes production of H2O2 from the reaction of glucose with 
glucose oxidase. The following equation provides an example of a coupled system that 
finds use with the present invention. 



10 



Glucose + H20- 



H2O2 + ester substrate • 



Glucose oxidase 



+ 

Pediydrolase 



gluconic acid + H2Q2 



alcohol + peracid 



It is not intended that the present invention be limited to any specific enzyme, as 
15 any enzyme that generates H2O2 with a suitable substrate finds use in the methods of the 
present invention. For example, lactate oxidases from Lactobacillus species which are 
known to create H2O2 from lactic acid and oxygen find use with the present invention. 
Indeed, one advantage of the methods of the present invention is that the generation of 
— acid (eg. r gluconic acid in the above example) reduces the pH ofa basic solution to die 
20 pH range in which the peracid is most effective in bleaching (i.e., at or below the pKa). 
Other enzymes (e.g., alcohol oxidase, ethylene glycol oxidase, glycerol oxidase, amino 
acid oxidase, etc) that can generate hydrogen peroxide also find use with ester substrates 
in combination with the perhydrolase enzymes of the present invention to generate 
peracids. In some preferred embodiments, the ester substrates are selected from one or 
25 more of the following adds: formic acid, acetic acid, propionic acid, butyric acid, Valeric 
acid, caproic acid, caprylic acid, nonanoic acid, decanoic acid, dodecanoic acid, myristic 
acid, palmitic acid, stearic acid, and oleic acid. Thus, as described herein, the present 
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invention provides definite advantages over the currently used methods and compositions 
for detergent formulation and use, as well as various other applications, 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

5 The present invention provides methods and compositions comprising at least one 

perhydrolase enzyme for cleaning and other applications. In some particularly preferred 
embodiments, the present invention provides methods and compositions for generation of 
peradds. The present invention finds particular use in applications involving cleaning, 
bleaching and disinfecting. - 

10 

Cloning and Characterization of AL smegmatis Perhydrolase 

The cloning of the M smegmatis perhydrolase (i.e., referred to herein as the "phd" 
gene, which encodes the "Phd" protein; this perhydrolase gene is sometimes herein 
referred to as the "atf" gene and the protein is sometimes referred to as the "Act" protein) 

15 of the present invention was based on peptide sequence data from the acyltransferase 
purified from Mycobacterium parafortuitum (previously known as Corynebacteriwn 
oxydans) and published information regarding the 7-aminocephalosporanic add (7-ACA) 
arylesterase gene of Agrobacterium radiobacter (Sakai et al., J. Ferment Bioengineer., 
85: 138-143 [1998]). Two peptide sequences from purified Af. parafortuitum 

20 acyltransferase were found to be similar to internal N- and C-terminal regions of the A 
radiobacter 7-ACA-arylesterase (47% and 42% identity respectively). 

A set of PCR primers was designed based on the amino acid sequence of these 
internal peptides (designated "AtintF" and "AtintR"). Another set of primers was 
developed based on the 5* and 3' ends ("ATNcoF and "ATBamHl") of the A 

25 radiobacter 7-ACA DNA sequence. A single product of the expected size was amplified 
from M parafortuitum chromosomal DNA using both sets of primers. The frill length 
product, amplified by the ATNcoI/ATBamH 1 primer pair, was cloned into pET16b and 
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transformed into BL21 cells (Novagen, Madison,- WI). This clone had a sequence 
identical to that of the A radiobacter 7-ACA gene. As it was determined that purified M 
parafortuitum perhydrolase was not the 7-ACA acyi esterase, it was concluded that this 
was not the gene encoding the perhydrolase of the present invention. 
5 Thus, efforts were further focused on M. smegmatis for cloning and expression of 

the perhydrolase of the present invention. To identify the M. parafortuitum gene based 
on enzyme activity screening, a plasmid library of A£ parafortuitum DNA in At 
smegmatis was constructed using a plasmid with a promoter to drive expression of cloned 
genes. Surprisingly, M. smegmatis itself was found to be positive for perhydrolase and 

10 acyltransferase activity. Thus, in some instances herein, the perhydrolase is referred to as 
"ACT" (or "Act"). A protein BLAST search of the M smegmatis unfinished genome 
using fhe sequence of the A. radiobacter 7-ACA identified a 2 kb contig containing an 
ORF (open reading frame) that encoded a hypothetical protein that was similar but not 
identical to the 7-ACA protein. Based on this sequence, primers were designed and used 

15 to amplify the gene from M. smegmatis (ATCC 10143). By adding an E. coli ribosome 
binding site upstream of the start codon, a clone that expressed active enzyme was 
obtained The vector used was either pCR2. 1TOPO or pBluntllTOPO (Invitiugen, 
Carlsbad, CA), in E. coli Top 10 cells. The gene was expressed constitutively from the 
- -plasmid-encoded lac promoter. This enzyme carried out the same reactions as the 

20 originally described M parafortuitum acyltransferase. 

During the characterization of the perhydrolase of the present invention, standard 
protein BLAST searches identified a few proteins (<20) with sequence similarity of 30- 
80%. This group included the 7-ACA arylesterases from A. radiobacter and other 
organisms, which have 43% identity withH smegmatis perhydrolase. All of the 

25 identified homologs with at least 40% similarity have a GDS motif very near the N- 

terminal end. All of the proteins also contain most of the conserved residues which could 
place them within the suggested GDSL family of lipolytic enzymes (See eg., Upton and 
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Buckley, Treads Biochem. Sci., 20: 178 [1995]). However, enzymes mentioned in this 
paper do not appear on homology searches with the perhydrolase protein. Indeed these 
proteins have less than 20% similarity with the perhydrolase and its homology suggesting 
that the acytoransferase-related (and peiirydrolase of the present invention) enzymes form 
5 a subfamily. 

The natural function of the enzyme of the present invention and the closely related 
proteins, apart from the 7-ACA arylestecase, have not been biochemically determined. M. 
smegmatis appears to be the only organism with the acjitransfease/perhydrolase in an 
operon with a putative penicillin binding protein (PBP). While it is not intended thai the 
10 present invention be limited to any particular mechanism, this suggests that the enzyme 
may be involved in cell wall synthesis/structure or modification of molecules taken up 
from the environment There are no homologues of the perhydrolase of the present 
invention that have been identified in M tuberculosis or M. leprae to date. However, 
some organisms were determined to have multiple homologues (e.g., SI meliloti). 
. 15 During the development of the present invention, various mutations were made in 

the M smegmatis perhydrolase in order to assess its activity. This enzyme contains two 
cysteine residues, which were hypothesized as potentially forming disulfide bonds, both 
of which were changed to alanine, in order to determine whether or not the C residues had 
any effes^on the ac^w 

20 transesterification (in aqueous solution) assay described herein indicated that C7A, as 
well as C77A, and a double mutant (C7 A and C77A) were of the same size and specific 
activity. 

Many enzymes have the amino add serine as part of their active site and are 
therefore referred to, among other designations, as "serine hydrolases." The active site 
25 may consist of a catalytic triad of S (serine), D (aspartic acid) and H (histidine). 

Examples of such enzymes include, but are not limited to subtilisin (D32-H64-S21 5), . 
chymotrypsin (H57-D102-S 195) and lipases in the alpha/beta hydrolase family (e.g^ 
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S126-D176-H206). A typical motif for lipases is the GDSL motif (Upton and Buckley, 
supra [1995]) in which the S is the active site serine. Since the peihydrolase of the 
present invention was determined to have a GDSL (amino acids 9-1 2ymoti£ the SI 1 was 
mutated to an A, in order to confirm the involvement of this S in the active site. As 
5 indicated in the Examples, the activity assay results indicated that SUA had only 1 % of 
the activity of the wild-type enzyme. Deletion of the C-tenninal 25 amino adds also 
resulted in abrogation of the activity, suggesting that these amino adds either contained a 
residue involved directly in the active site, and/or that the structure of the protein was 
affected such that the active site was no longer able to catalyze the reactions. In addition, 
10 the predicted active site residues, D192 and H195 were mutated to A. Neither mutant had 
activity, confirming that the active site residues of the peihydrolase of thepresent 
invention consist of Sll, D192 and H195. However, it is not intended that the present 
invention he limited to any particular mechanism, nor is the present invention limited to 
mutation(s) at any particular active site residues. 

15 

Cloning of M parafortuitum Perhydrolase 

There were some differences between the N-tenninal peptide sequence obtained 
from the M parafortuitum enzyme and the N-terminal sequence of M. smegmatis 
-p^ydrolase.-Howevo-,-there^vas^^equaice4n4he C-tenninal region of the M. 

20 smegmatis perhydrolase identical to the C-terminal peptide sequence of the M. 

parafortuitum enzyme. Two primers were designed to amplify a partial sequence of the 
M. parafortuitum perhydrolase gene; the sequence of the reverse primer was identical to 
the sequence of the corresponding region in M. smegmatis peihydrolase gene, and the 
sequence of the forward prima- was based on M. smegmatis codon usage. The forward 

25 primer, MPS: 5*- 

ATGGGTACXXGACXj AA1TCTGTC * (SEQ ID 

NO:l 1) and the reverse primer MPC-intR 5*- 
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GATTCXCTCGACGCCGTCGGTGCrGATCACCXJAACC 
3 ' (SEQ ID NO: 12). The partial gene was amplified from the chromosome of A£ 
paraforUdtum and cloned into pCR2.1TOPO (Invitrogen, Carlsbad, CA). Sequence 
analysis showed that the enzyme is very similar, but not identical to theAf. smegmatis 
5 perhydrolase (77% identity). Based on the molecular weights of the monomers of the 
perhydrolases determined by SDS-PAGE (MP AT: 26 kDa, MSAT: 24 kDa, MP cloned 
AT: -18 kDa), the clone from primers made to die internal fragment was determined to 
♦be missing approximately 70 amino acids (-8 kDa). The remaining sequence at the 5'- 
end of die M. paraforUdtum gene can be obtained by any of several methods suitable and 
10 familiar to those skilled in die art of molecular biology, including, but not limited to, 
inverse PCR, probing of plasmid/cosmid libraries of M paraforUdtum chromosomal 
DNA, sequencing of the gene directly from chromosomal DNA (eg., as performed by 
Fidelity Systems, Bethesda Maryland). 

15 Expression of the AT. smegmatis Perhydrolase 

The perhydrolase is an intracellular protein in its native host Production of the 
perhydrolase in non-native hosts may also be done intracellularly. However, in some 
embodiments, a signal sequence is added to the perhydrolase, which facilitates expression 
of the perhydrolase by secretion into the periplasm (i.e., in Gram-negative organisms, 

20 such as E. coli), or into the extracellular space (i.e., in Gram-positive organisms, such as 
Bacillus and Actinomycetes\ or eukaryotic hosts (e.g. f Trichoderma, Aspergillus, 
Saccharomyces, and Pichia). Of course, these are just a few examples of possible 
prokaryotic and eukaryotic hosts. It is not intended that the present invention be limited 
to these specific hosts, as various other organisms find use as expression hosts in the 

25 present invention. 

A variety of commercially available expression systems, including but not limited 
to pB AD, plac, T7, find use in the expression of the perhydrolase in Gram-negative hosts 
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(e.g. 9 E. coli). In some embodiments, the same types of promotes find use in another 
Gram-negative host, Pantoea citrea. 

To test expression in E. coli two strategies were used: 1) adding an RBS 
(ribosome binding site) to the 5* end of the phdgene and cloning the gene into 
5 pCRBLUNTDTOPO (Invitrogen), thus allowing expression directly from die plac 
promote available in that vector, and 2) cloning die phd gene under control ofthe T7 
promoter in the plasmid pET16b (Novagen). hi the latter system, expression of tiie gene 
is inducible by addition of IPTG to the growing culture and use of a specific host cell 
BL21(XDE3)pLysS (Novagen)) that contains die APE3 lysogen encoding the T7 
10 RNA polymerase. The first strategy produces a plasmid capable of allowing expression 
of the perhydrolase protein in other Gram-negative hosts (e.g., P. citrea); 

To express protein in E. coli or P. citrea using the first strategy, cultures were 
grown from single, purified colonies at 37°C overnight in L broth plus the appropriate 
antibiotic (example, kanamycin 50 jig/ml). Expression ofthe protein was determined by 
15 the pNB assay {See, Example 1) after lysis of the cells. 

Expression of the perhydrolase using the T7 expression system requires induction 
. of the culture with the addition of IPTG (e.g^ 100 mmole IPTG added at an ODsso of 

0.4). Overnight cultures, inoculated from a single colony, are used to inoculate the 
— expression xnilture^>fthe desired-volume<2£mlsto several-liters) at-an OD550 of 0.1. The 
20 expression culture was then grown at the desired temperature (e.g., 25°C, 30 # C, 37 # C) 

until an OD550 of 0.4 was reached, after which IPTG was added. Expression was allowed 
to continue for 3 hours to overnight Protein expression was monitored by pNB activity 
assay as described in Example 1. Usually, expression from the T7 system givesahigh 
titer of protein, sufficient for further analysis such as crystallography. 
25 Bacillus species are well-known as suitable hosts for expression of extracellular 

proteins (e.g„ proteases). Intracellular expression of proteins is less well known. 
Expression of die perhydrolase protein intraceHularly in Bacillus subtilis cm be done 
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using a variety of promoters, including, but not limited to pVeg, pSPAC, pAprE,or 
pAmyE in the absence of a signal sequence on the 5* end of the gene. In some 
embodiments, expression is achieved from a replicating plasmid (high or low copy 
number), while in alternative embodiments, expression is achieved by integrating the 
5 desired construct into the chromosome. Integration can be done at any locus, including 
but not limited to the aprE t amyE, or pps locos. In some embodiments, the perhydrolase 
... .is expressed from one or more copies of the integrated construct In alternative 
.embodiments, multiple integrated copies are obtained by the integration of a construct 
capable of amplification (e.g., linked to an antibiotic cassette and flanked by direct repeat 

10 sequences), or by ligation of multiple copies and subsequent integration into die 

chromosome. In some embodiments, expression of the perhydrolase with either die 
replicating plasmid or the integrated construct is monitored using the pNB activity assay 
(described herein) in an appropriate culture. 

As with Bacillus, in some embodiments, expression of die perhydrolase in the 

1 5 Gram-positive host Streptomyces is done using a replicating plasmid, while m other 
embodiments, expression of the perhydrolase is accomplished via integration of die 
vector into the Streptomyces chromosome. Any promoter capable of being recognized in 
Streptomyces finds use in driving transcription of the perhydrolase gene (ag., glucose 
isomerase promoter, A4 promoter). Replicating plasmids, either shuttle vectors or 

20 Streptomyces only, also find use in the present invention for expression (e.g;, pSECGT). 

Structure of M smegmatis Perhydrolase 

The crystal structure of the M. smegmatis peitydrolase was determined to 2.2 
Angstroms. The structure confirmed findings with gel filtration sizing columns, that 
25 indicated this enzyme is an octamer. The structure of the monomer places the enzyme in 
the class known as SGNH-hydrolases (See eg., Molgaard et al. 9 Structure 8: 373-383 
[2000]). The active site residues were identified as S11-D192-H195, based on 
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homology, confirming the identification of the catalytic triad based on loss of activity in 
the SI 1A, D192A, and H195A mutations described above. Figure 3 provides schematics 
showing the structure of the M. smegmatis perhydrolase, as well as other serine 
hydrolases. As indicated, this enzyme has a different structure than die enzymes shown 
5 here (chymotrypsin, subtilisin, and ct/p hydrolase). Indeed, the structural analysis of the 
perhydrolases of the present invention indicates that this group of enzymes has a different 
form and active site than do these other enzymes. A schematic diagram of the structure 
of the monomer is illustrated in Figure 4. The structures of four other enzymes in the 
SGNH-hydrolase family have been solved, namely Aspergillus aculeatus 

1 0 rhamnogalucturonan acetyiesterase (RGAE), Bos taurus platelet activating factor (PAF- 
AH(lb)a), Streptomyces scabies esterase (SsEst) and the thioesterase/Protease 
I/Phospholipase Li (TAP or Tes) from E. coli. Very little sequence or functional 
homology is present in these enzymes. Basically, the sequence identity is reserved for the 
residues involved in the active site and those defining the family. While the overall 

15 folding of the enzymes is similar (See e.g., Molgaard et aL, supra [2000], for overlaying 
of structures), there are structural differences. For example, there is a loop covering the 
active site in SsEst, compared to RGAE and TAP which have active sites that are surface- 
exposed. The M. smegmatis perhydrolase has an active site that is somewhat buried. The 
- binding^iduesofrhe^^ro^gma*^ 0, 

20 Serl 1, Leul2, Thrl3, Trpl4, Trpl6, Pro24, Thr25, Leu53, SerS4, Ala55, Thr64, Asp65, 
Arg67, Cys77, Thr91, Asn94, Asp95, Tyr99, Vall25, Prol38, Leul40, Prol46, Prol48, 
Trpl49, Phel50, Del53, Phel54, Thrl59, Thrl86, Ilel92, nel94, and Phel96. Hiese 
sites were derived from direct observation and by modeling studies to model substrate 
binding to the enzyme, using methods known in the art 

25 As indicated above, the M. smegmatis perhydrolase was found to be an octamer in 

the crystalline state. However, it is contemplated to be either a hexamer or octamer in 
solution. The octamer is seen to be a tetramer of dimers, two molecules are much more 
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closely and extensively interacting and these are termed the "act transferase" doners. 
Several of the conserved sites are found along this dimer interface. For example, residues 
Tip 14, Arg 27, Arg 56, His 81 and Pro 83, were found to be conserved" in natural isolates 
that have perhydrolase activity and are contemplated to be critical in forming the 
5 interface. In addition one other residue, Glu 51, which is conserved in all but one of the 
natural isolates (and in that case it is a homologous enzyme) was identified 

One additional feature of interest in that in the natural isolates showing 
perhydrolase activity, all share an insertion of residues 69-81 . This region forms a loop 
that is at the dimer interface. Without this loop, it is believed that much of the dimer 

1 0 interface would be lost and it is likely that dimers and subsequent aggregation would not 
occur. Thus, there is a correlation of the insertion with the structural aggregation 
particularly dimer formations and the appearance of perhydrolase activity. However, it is 
not intended that the present invention be limited to any particular mechanisms. 
Key residues were found to be associated with desired activity in selected 

1 5 homologs. Indeed, there are several conserved residues that are contemplated to have . 

importance for acyltransferase activity. These include Leu 6, Trp 14, Arg 27, Tip 34, Asp 
62, Leu74, Lea 78 His 81, Pro83, Met 90, Lys 97, and Leu 1 14. 

In additional analyses, the association of the perhydrolase with carbamate was 
investigated. The native octamer was determined in space group P4 with unit cell 

20 dimensions: 

a= 98.184 b- 98.184 and c= 230.1 19 a=90.00 p=90.00 y=90.00, this crystal diffracted 
to about 2.0 A. The carbamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=€7.754,b=80.096, and c=85.974 a=104.10° , p=l 12.10°, and ^=97.40° 
and these crystals diffract to a resolution exceeding 1 .0 A. 
25 The carbamate was bound in a manner to exploit the interactions between the keto 

oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Ser 1 1 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
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hydrophobic surface of the binding site out into the surface opening between pairs of 
dimers in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent tothe side chain of 
ser 54. Mutating the serine side to valine increased the hydrophobicity, and also served 
5 as-a gatekeeper to prevent hydrophilic nucleophiles (eg., water) for competing with 

desired deacylating nucleophiles. The residues surrounding the carbamate moiety on the 
same and neighboring molecules forming die extended entry are expected to influence the 
selection of the optimal de-acyiating nucleophile. The structure showed that each 
monomer was inhibited with carbamate covalently attached Thus, all octamer active 
10 sites were found to be active and functional The side chain of carbamate resembles the 
leaving groups of the substrates tested. Thus, the carbamate moiety indicates the access 
direction for substrate. 

M. smegmatis Perhydrolase is an SGNH-Hydrolase 

1 5 The perhydrolase of the present invention has certain components that indicate it 

is in the SGNH-hydrolase family of enzymes. This family is defined by having the four 
conserved amino acids SGN and H in four blocks, similar to the blocks that describe the 
lipolytic family of enzymes (See, Upton and Buckley, supra). In the case of the AC 
smegmatis perhydrolase r these^irespond4o S14 x G52 r N94-and4il954vhidi correspond 

20 to Blocks I n, HI and V according to Upton and Buckley (Upton and Buckley, supra) and 
Molgaard et al. (Molgaard et al. 9 supra). These amino acids are also conserved within the 
closest sequence homologs of the perhydrolase. 

As indicated herein, the sequences were aligned using the Alignment program in 
Vector NTi (Informax, Invitrogen) In the following alignment providing a comparison 

25 of homolog sequences, the double underline indicates the residues involved in the active 
site. AR: Agrobacterium rhizogenes Q9KWA6; RR: Rhizobium rhizogenes NF006; SM: 
Sinorhizobium meliloti RSM02162; MS: Mycobacterium smegmatis Act; MP: 



83 



P C 7^03005/056782 b^q ^3 g PCTAJS2004/040438 
GC821-2 O f^) 



Mycobacterium parafortuitum Phd partial sequence; PD: Prosthecobacter dejohgeii 
RVM04532. Hie amino acids within the blocks defining the SGNH-hydrolase family arc 
indicated in bold letters. " 



5 Block I Block XI 

GDS Q 

KB.il) MMSSSILCFGDSLTWGKIPVPESSP TZAXSFEQRWTGAMAAAZX2IX3SSXZBEQLSARTlSVBX>-*ra 

HR(1) HRBSfiSILCPCDSLTWGWIPVPESSP TI*IFFSQiUnt»lttAM/nXJYOT^ 

EN ( 1 ) HTTKSHSTfRTLMVEKKSVIXTTIDSLTVfGirrPVIKSSP TT 4 iTPsrKQ W itaA>OUUg/;ric» n 1 1 MWi ^ayiTSlflQ-PH 

10 SH(X) KVBKRSVLCFGDSLTTCtfXFVXBSSP T"" W tnt'^AMX3^T^7TYTCTrrTRTyK^QaT?TT , g^ l pp— 

HB(1) ...... - - -iCVgRTI^^iigT.TVt .n v uvvn yia P TEBl>MWRWIGgMQQMBU^^ 

Kp GIRRXXSFGDS LXV GW I V V KMQVP TEHFPimVRrrOVIADLljQmtf PA 

15 Block XXX 

GxHD 



AR(67) PPBXBCSKglJHMASHLPLOLVIIlJX^ ^ 

RR(67) DPRIJfOSAYLPMALASHLPLDLVIILLaTNDT^ 

RM(78) DARLHOSTyLBMRLAflHLPLDLVIIMLGTMDTKSYFHRTP PA PKVLVYftPPPLftP 

20 SM«7) DARIJWSTYLPtCALASHLPbDLVIIMI^ ^ 

MS (65) DPIU<NGAS?I«PSaAna*PX4D^^ 

MP (65) DPMJIGS0YLPSClASHLPimVXLMLG7OTnC^^ 

PD(65) NXOUQGKDyi^ACLESHKI>Lm.VXUfLG7^ 

25 Block V 

D9XHF 

AR(147> KPDPWPBGNFGOTEKSLBUUKjn^ (SSQ ID HO i 14) 

RR(147) MPDPWPBGMPOK^rEKSLBLAKQTKAIANFLKTO (8BQ ID KOtlS) 



RM(158) KPDPWPEC3>1FGGG YEKSKEL£GL YKAIJU3FMKVBF FAAGDCISTDG IgQ I gLSAETNIIlLGHAIADKVJVALJ? (SSQ ID 8O1I6) 

30 SMU47) MPDP«PBGMPGGGTBKSKELSQLYKAIJU3FMKVKPF^^ (SSQ ID HO 1 17) 

MS (145) MPHPWFQUITOMEQKTrBIJtflVYSAI^ (SSQ ID NO1I8) 

MP 145) LPHPWFDLVFSU^gKTAKI^VYSAIASPMKVPF^^ ...... (SEQ ID N0tl9) 

PD(144) SAMPDLDAKI PHGAARSAEFPRHYKAQA VALKCEYFHSGEIVETS PV^GIgLEAS EKLKLGEALAEKVKVLLQ (SEQ* ID NO:20) . 



35 The primers used to identify homologs for each of the Blocks indicated above are 

provided below: 

Block I (forward 5 '-3) 

le: acggtcctgtgctttggngaytcnyt (SEQE)NO:21) 
40 lfi acggtcctgtgctttggngayagjTt (SEQ ID N0^2) 
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l£ gcggtcctgttctwnggngaytcnyt (SEQEDNO:23) 

Ih: gcggtcctgttctwnggngayagyyt (SEQE>NO:24) 

li: gctcgaaccgtcctctgttttggngaytcnyt (SEQ E) NO:25) 

Ij: gctcgaaccgtcctctgttttggngayagyyt (SEQ ID NO:26) 

lk: gctcgaaccgtcctctgtttnggngaytc (SEQIDNO:27) 

11: gctcgaaccgtcctctgttttggngaytoiytn (SEQ ID NO:28) 

lm: gctcgaaccgtcxtctgttttggngaytcnytg (SEQ ID NO:29) 

1A: gccaagcgaattctgtgtttcggng^tcnyt (SEQ ID NO:30) 

IB: gccaagcgaattctgtgtttcggngayagyyt (SEQ ID NO:3 1) 



Block m (reverse 5 -3) 

3c: attccgcgcttcagrtcrttavtncc (SEQIDNO:32) 

3d: attccgcgcttcagrtcittnwgncc (SEQ ID NO:33) 

3e: attccgcgcttcagrtcrttnscncc (SEQ ID NO:34) 

15 3f: attccgcgcttcagrtattnrancc(SEQIDNO:35) 

3k: attccgcgcttcagrtattarta(»(SEQIDNO:36) 

31: attccgcgcttcagrtcrttnytacc (SEQ ID NO:310 

3m: attccgcgcttcagrtattnsgacc (SEQ ID NO:38) 

3n: attccgcgcttcagrtattnwaicc (SEQ ID NO:39) 

20 3o: attccgcgcttcagrtattnyancc (SEQ ID NO:40) 

3p: attccgcgcttgrsrtattartncc (SEQ ID NO:41) 

3q: attccgcgcttgrsrtottnytncx: (SEQ ID NO:42) . 

3n attccgcgcttgrsrtCTttnsgncc (SEQ ID NO:43) 

3s: attccgcgcttgrsrtcrttnwainn (SEQ ID NO:44) 

25 3t: attccgcgcttgrsrtcrttnyancc (SEQ ID NO:45) 

3 A: gcgccggaagtaggccttgg^rtcrttnvtncc (SEQ ID NO:46) 

3B: gcgccggaagtaggccttggtrtcrttnwgncc (SEQ ID NO:47) 

3C: gcgccggaagtaggccttggtrtcrttnsmcc (SEQ ID NO:48) 

3D: gcgccggaagtaggccttggtrtottnrancc (SEQ ID NO:49) 

30 

Block HI (forward 5'-3) 

3g: cggaattatcatgctgggnabnaayga (SEQ ID NO:50) 

3h: cggaattatcatgctgggncwnaayga (SEQ ID NO:5 1) 

3i: cggaattatcatgctgggngsnaayga (SEQ ID NO:52) 

35 3j : cggaattatcatgctgggntynaayga (SEQ ID NO:53) 

3u: ccggaattatcatgctnggnabnaayga (SEQ ID NO:54) 

3v: ccggaattatcatgctnggncwnaayga (SEQ ID NO:55) 

3w: ccggaattatcatgctnggngsnaayga (SEQ ID NO:56) 

3x: ccggaattatcatgctnggntynaayga (SEQ ID NO:57) 
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Block V (reverse 5'-3) 

5c: acccttagcgtttggrtgnrtncatc (SEQ ID NO:58) 

5d: atccttagcgtttggrtgnavncCTtc (SEQ ID NO:59) 

5 5e: aatcttagccgtgrtrtgnrtncCTtc (SEQ ID NO:60) 

5f: aatcttagccgtgmtgnraiccrtc (SEQ ID NO:61) 

5g: aatcttagccgtgmtgQtnicatc (SEQ ID NO:62) 

5h: (xgctggtcctcatctggrtgnrtnccrtc (SEQ ID NO:63) 

5i: ccgctggtcctcatctggrtgnnmcatc (SEQ ID NO:64) 

10 5j: ccgc^ggtcctc^tctggrtgntmccrtc (SEQ ID NO:65) 

5k: ccgctggtcctcatCTaartgnrtncc (SEQ ID NO:66) 

5A: cgattgttcgcctcgtgtgaartgnr^^ 

5B: cgattg^cgo^cgtgJgaartgnrm(x^(SEQIDNO:68) 

5C: cgattgttcgcctcgtgtgaartgntraccrtc (SEQ ID NO:69) 

15 



As described in greater detail herein, the sequence and structure results are 
supported by the activity data that indicate the perhydrolase enzymes of the present 
20 invention differ from lipolytic enzymes known in the art 

Identification of Homologs 

As weU known in the art; protein in 

several ways, including but not limited to: 1) searching available databases for proteins 
25 with sequence homology (30-100%); 2) screening environmental isolates forthe desired 
activity; and 3) examining type strains from ATCC of the genus identified to have 
activities (e.g., Mycobacterium and Corynebacterium, as described herein in particular 
embodiments). 

By doing a standard protein-protein BLAST search, several homologs were 
30 identified from fully or partially sequenced genomes. From the known gene sequence, 
several homologs were amplified by PCR from the chromosome of the parent organism 
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and cloned into a pET expression vector, essentially as described for the cloning of phd 
from M. smegmatis into pETl 6b. Homologues identified by tbis BLAST search 
included: Agrobacterium rhizogenes Q9KWA6, A rhizogenes Q9KWB1 A. twnefaciens 
Q8UFG4, A. tumefaciens Q8UAC0 (now AgrL, identical to 7-ACA arylesterase), A 
5 tumefaciens Q9ZI09, A. tumefaciens (radiobacter)ACA, Prosthecobacter. dejongeii 
RVM04532 , Rhizobium. loti Q98MY5 , H meUlbti Q92XZ1, & meliloti Q9EV56, R 
rhizogenes NF006, & rhizogenes NF00602875, H solanacerarum Q8XQI0, 
Sinorhizobium meliloti RSM02162, S. meliloti RSM05666, Mesorhizobium loti 
RMLO00301, A rhizogenes Q9KWA6, and A rhizogenes Q9KWB1. 

10 Based on these results, a homology tree of proteins with sequence homology (20- 

80%) to M smegmatis perhydrolase was generated. As shown in Figure 2, an enzyme in 
the family of lipolytic enzymes described by Upton and Buckley (supra) is that of V. 
mimicus. This phyiogenetic tree was generated using the alignment program in Vector 
NTi (Informax, Invitrogen). The green arrow indicates M smegmatis perhydrolase, the 

15 red arrow indicates A radiobacter 7-ACA aryiesterase, the blue arrow indicates E. coti 
TAP, and the blade arrow indicates A. aculeatus RGAE. 

As further indicated in Figure 2, the peihydrolase is not closely related to this 
enzyme. The perhydrolase and its closest relatives, Prosthecobacter dejongeii 

- -wum^ 

20 meliloti RSM02162, A. rhizogenes Q9KWB1 and R. rhizogenes NF00602875 come off 
their own branch (/.*., a branch that is different from the 7-ACA arylesterase-like proteins 
and the RGAE/TAP-like proteins). However, it is contemplated that some additional, 
more distantly related homologs will find use in the present invention due to perhydrolase 
activity or will serve as a suitable backbone for modification to the desired perhydrolase 

25 activity. 

In addition to the sequence and homology analysis, environmental isolates were 
grown on a rich medium (N-MISO: g/1: glucose 10 g, yeast extract 10 g, KNO3 1.5, 
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KH2PO4 3.4 g, NaH2PO4.H20 3.4 g, Salt Solution C 10 ml [Salt Solntioii C: g/1: 
MgS0 4 7H20 25, FeS0 4 7H20 2.8, M11SO4H2O 1.7, NaCl 0.6, NaMoSO^IfcO, 
Z11SO4.7H2O 0.06, in 0.1N HC1]), assayed and those positive for the transesterification 
reaction were purified as described in the Examples. This is one of me screening 
5 methods that can be used to identify perhydrolase These data show mat the present 

invention finds use in identification of additional enzymes with the desired perhydrolase 
activity. 



10 Additional Investigations of Homologies 

In addition to the above analyses, an enzyme library of novel "GDSL-type" 
esterases which are homologous to the prototype M. smegmatis perhydrolase was created. 
In order to identify new "GDSL"-type esterases, a sequence homology based screening 
procedure was established and used to screen libraries set up from complex metagenomic 
15 DNA (at BRAIN). 

An enzyme library comprising 19 "GDSL"-type esterases (See, below) was 
developed. The sequences in this library were: 

S248_M2bBll(DNA) 

20 ATGTT(XK:GCTTTGCACGGCCGCGTCAGCGGCCCCCGATCGCACCGTCGTCTT 
TTTTGGGGACAGCCTGACCGCGGGGTACGKjCCTCGATGACCCGCAGACCCAG 
TCCTACCCGGCCAGGATCCAGGAGAAGGTCGACGCCGCGGGCCTGCGCTGGA 
AGGTCGTGAATGCCGGCCTCTCGGGCGAGACGAGCGCCGGCGGCCTGCGGCG 
GGTCGACTGGGTGCTCGGCCAGCACATCGACGCCTTTGTOCTGGCGCTTGGCG 

25 CCAACGATGGCCTGCGGGGGATCGACCCCCAGGTCACGAGGGCCAATCTCCA 
GGAGATCATCAACCGGGTCCGCTCCCGGTGGCCCCGCG<XK3CGATCGTCATC 
GCEGGGATGAAAATGCCCCAGAGCATGGGACAGGACTACXjCCGCGAATTTTG 
AC^GGATCTTCCCCGGTCTCGCCGCGAGGAATTCGGCCACGCTCATCCCCTTT 
CTATTAGAAGGGGTCGCCGCCCATCCTAGCCTCAACCAAGGCGACGGCATCC 

30 ACCCGACGGCCGCCGGGGACGCACTCGTTGCAGGGACCXnXjTGGACGTACCT 
GCTTCCGATCCTGCGGTCAGCACACTAA (SEQIDNO:70) 
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S248_M2bBll (Amino Acid) 

MFAUJTAASAAPDRTVVFFGDSLTAGYGLDDPQTQSYPARIQEKVDAAGLRWK 
V\WAGI^GETSAGGLRRVDWVIX3QHIDAFVLA^ 
NRVRSRWPRAAIVIAGMKMPQSMGQDYAANFDR^ 
5 AAHPSmOGDGIHPTAAGDALVAGTVWTYLLPILRSAH (SEQ ID NO:71) 



S248_M40cD4 (DNA) 

atgcxknttgctaagctcactcccgtcatcr^ 
10 ccxxcitgccgccgccgcgccgcc£acxxnxjat 

ccxjccgggttgggattgccggccxjatgctgcatttccggcgcagcrcx^aggc 
aaagctgcacgatatgggtatcctgcagaaatcgccgcgcgcgccacctcgg 

GGCAAACCACGGCXXKKIXjGGTTGGCGAGCCTIX3<XKjA^ 
AG<XGGATTTGGTGATCCTTOAACTCGGCGCCAATGACATGCTG<X3CGCGGT 

15 CGATCCGGCCAGCGTGCGCGCCAATCIX^ATGCAATGATGACGAAAATCCAG 
GCGAGCGGCGCTAAACTGCTGCTGACCGGAATGCAGGCGGCGCCCAATTGGG 
GCGAGGACTATAAGCACGATTTCGACCGCCTTTATCCCGAGCTTGCGAAGGC 
GCACGGGGTGACGCTTTATCCATTCTTTCTTGATGGGGTGGCGCTGGACCCGG 
CGCTGAACCAGGCGGATGGAATGCACCCGAACGCCAAGGGGGTCGCCGTGA 

20 TCXH'CGACCGTATCGCGCCCGTCGTCGCCAAGATGCTGAGAGGCCAGTCATA 
A (SEQ IDNO:72) 

S248_M40cD4 (Amino Acid) 
NIRFAKLTAVIFALJ\T^HSPLAAAAPPTVMW 
25 HDMGIPAEIAARATSGQTTAGGIASLADAIAAKPDLV1IELGAM5MIJIAVDPAS 
VRANLD AMMTKIQ AS G AKLLLTGMQ AAPNWGEDYKHDFDRLYPELAKAHGVT 
LYPFFLDGVALDPALNQADGMHPNAKGVAVTVT)RIAPVVAKMIJIGQS (SEQ ID 
NO:73) _ — — -• — — ■■" 

30 

S248_M44aA5 (DNA) 

ATGATCGCATGGCTTACCGGATGCGGCAGCGCAAAGACGCAACCGCAGCCCG 
CAAGTTCCATCCCGCCATCCAGTATTCCAGCAACCGCAAAACCTGCGACAAC 
GGATATCAGACCGATCATCGTTGCTrTCGGCGACAGCCTGACTGCAGGATAC 
35 GGCGTCAGTAGTGAACAAAGCTATCCGGCCAATCTTCAACGCGATCTGGATG 
CGCGTGGATATCATGCCCACGTCATCAACGAAGGCATCAGCGGCAACACATC 
GAAAGACGGCGTTCTCAGGGCCCAGGCGATTGCGGCACTCCATCXXKjCTGTC 

gtcatcgttgccttcggcggcaacgacggtctgcgtggcctccccatcggag 
acacggaaatgaatctggcaacgatcatctcaaccatgcagcatgcccatgc 
40 caaggtaattttaggcggaattactitgcctcccaactatggcagcgaatac 
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ATCGCCAAATTCAATGCGATCTATAAAAAGCAGGCAGCCGCGTATCATGTGC 
CCCTGCTGCXXHTCATGCTGAAGGGGGTGTATGGCGT^ 
AGCGACGGCATCCATCCGACCGCCAAGGGCTGCCAGCAAGTGGCCAGAAACT 
TCCTGCCCTTGTTATTGCCGCTCCTGCACAAATCAGGGAAGAAATCCATGGAG 
5 TCGAAAGCATTGTCTCGACGTCATTAA (SEQ ED NO:74) 



S248_M44aA5 (Amino Acid) 

MIAWLTGCGSAKTQPQPASSIPPSSIPATAKPATTDIRPIIVAFGDSLTAGYGVSSEQ 
10 SYPANLQRDIIDARGYHAHVB^ 

DGUlGIJ > IGDTEMNIATIISTMQHAHAKVn^GGITIJ J Phr^ 
AAYHWIIJFMIXGVYGVPGSMQSIX3IHPTAKG<X^VARNF^ 
KSMESKALSRRH (SEQIDNO:75) 



S261 M2aA12 (DNA) - r 

ATGAAAAACATCCTTGCATTTGGCGACAGTCTGACX^TGGGGTTTTGTGGCCGG 
ACAGGATGCXjCGCCATCCGTTTGAAAC^GCTGGCCAAACGCATTGGCXKXX: 

20 GGCCTTGGGGGCAAAGCCCGCGTAATTGAAGAGGGTCAGAACGGCCGCACT 
ACGGTGTTCGACGATGCCGCCACCTTCXiAATCTCGAAATGGCTCGGTGGCATT 
GCCGCTGCTACTGATCAGCCACCAGCCGTTGGACCTGGTAATCATCATGCTCG 
GCA(XAATGACATCAAGTTTGCCGCCXX}CTGCCGCGCCTTTGATGCTTCAATG 
GGCATGGAACGGCTGATCCAGATCGTCAGAAGTGCCAACTACATGAAGGGCT 

25 ACAAGATACCTGAAATCCTCATCATATCGCCGCCCAGCCTCGTGCCGACGCA 
GGATGAATGGTTCAACGACCTCTGGGGCCATGCCATCGCCGAGTCAA AACr C 
- -TTCGCCAAGCACTACAAGCGCGTGGOCGAAGAACTGAAAGTGCA^-lUUl l lG 
ATGCAGGCACGGTGGCCGTCGCCGACAAGACCGACGGCGGACATCTCGATGC 
TGTGAATACTAAAGCCATTGGCGTCGCATTGGTGCCGGTGGTGAAATCAATA 

30 CTCGCTCTCTAA (SEQ ID NO:76) 



S261_M2aA12 (Amino Acid) 

MKNBJUFGDSLTWGF^AGQDARHPFETOWPNAl^ 
35 WDDAATFESPJ^GSVALPLmSHQPLDLVIIMI^TM)IKFAARCRAFDASM 
LIQIVRSANYMKGYKIPEILnSPPSLVPTQDEWF^ 

EELKVHFTOAGTVAVADKTDGGHIJDAVhniKAIGVALWVVKSn^ (SEQ ID 
NO:77) 
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S279_M70aE8 (DNA) 

atgcxx3aaaatagccaaactcgcgccgtcggatgtgatcgtagctttoggcg 
acagtctgacgttcggcaccggcgcaacggaagcggagagttatcxx:atcgt 
gctcxk:acaattgatcggtcgcaccgtggtgcgcgcgggtgtgccgggtgag 
5 gtaaccgaaggcgggcttgcgcgcctgaccgacgttatcgaagaacacaagc 
cgaagctgattattgtttgcctgggcggcaacgacatgctgcgcaaggttxa 

GGAAGACCAGACCCGCGCCAATTTGCGCXjCCATTATTAAAACCATCAAGGCG 
CAAGGCATCGCCGTGGTACTGGTCGGTGTGCCGAAGCCCGCGCTGGTGACCA 
GTGCGCCGCCGTTCTACGAGGAGATCGCCAAAGAGTTCGGTATCCXTrTACGA 
10 AGGCAAGATTXnTACCGACGTGTTGTACCAACGCGATCAGA^ 

ATACATCCCAATGCCAAAGGCTATCGGCGCATGGCCGAAG<X}AtAGOCACGC 
TGCTGAAAAAATCCGGAGCCATTTAA (SEQIDNO:78) 



15 S279:M70aE8 (Amino Acid) 

MPKIAKIAPSDVIVAFGDSLTFGTGATEAESY^ 

GIARLTDVIEEHKPKIJIVCLGGNDN^ 

GWKPALVTSAPPFYEEIAKEFG1PYEGKIVTDVLYQRDQKSDSIHPNAKGYRRMA 
EAIATLLKKSGAI (SEQIDNO:79) 

20 



S279_M75bA2 (DNA) 

ATGGAACGGACCGGCCGCGCTGGCGATCGGTGTCGGCGTGGGGCTGGCGAGC 
25 CTGAGCCCGGTCGCGCTGGCGACGCCGCCGCGGGGCACCGTGCCGGTQTTCA 
CCCGATCGGGGACAGCCTGACGGACGAGTATTTTGAGCCGTTCTTCCAGTGG 
GGGTTCTGCGGGAAGTCGTGGGCCGAGATTTTGGTGGAGACGGGGCGGGCGA 
-GGATGGGCCOGAGGGCGCAGGAGGGGGGGATCAGCGAGCCGGAGGGATGGT 

cggatccgcggaacacggggtatcagcacaactgggcgcggtactcgtggag 
30 ctcctcagacgcgctgaccgaggagtcgccgggggcgacgctgagggtgctg 
cttggggcggagtacgcggtggtgttcattgggaccaacgacttcaatccgt 
cgtggccggcgtatcagagggtgtatctgagccagtggagcgacgagcagat 
cgagacgtacgtgaacggggtggtgcagaacatcgcxk:agatg gtggac tcg 
crgaagtcggtcggggcgaaggtggtgcttgcgccgccggtggattttcagt 
35 tcgcggggttcctgcggaactcatgcccggatccgatgctgcgcgagcaggc 
gggtattctgacacggaagtgccacgaccgggtgcggtcgatggcgcggcag 
aagcacgtggtgttcgtggacatgtggcggcrgaaccgcgatttgttcxjgca 

ACGGGTTCGCXjATCAGCTACGGCCTTCGGAACACGGTGCGCGTGGGGGACTC 
GGAGATCGGGCTGCAACTGGCX:GGGCrGACGGGATCGGCGGGGCTGGTTCCG 
40 GACGGGATCX^TCCGCAGCGGGTGGTGCAGGGGATCTGGGCGAATGCGTTCA 
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TCGTGGGTCTCAACGCGCATGGGGCGAACATCGCGCCCATCGGCGAGGCGGA 
GATGTGCGCGATGGGGGGGGTCXjTGTACGGGGGAACGGACL\CGCTGGCG^ 
CTTCCTGCCGCCGGTCGCGGGCTACGTGGAGGACTTCCGCAACG^ 
TTCGTGTGCACGGCGGACTTCAACCATGACXnTGGCGTGACGCC^ 
5 TCT1XXK:GTTCATCAACGCGTGGTTCATGAATGAT(XCTCGG 

AACXXGGAGCACACGCAGATCGAGGACATCTTCGTGTTTCTGAA 
TGGTGGGGTGCTAA (SEQIDNO:80) 



10 S279_M75bA2 (Amino Acid) 

MERTGRAGDRCRRGAGEPEPGRAGDAAAGHRAGVHPIGDSLTDEYFEPFFQWG 
FCGKSWAEILVETGRASMGPTAQQAGISEPEGWSDPRNTGYQHNWARYSWSSS 
DALTEESPGATIi5VLIXjAEYAVVnGTM3FNPSWPAY 

GWQNIAQMVDSUCSVGAKV\OAPPVDFQFAGFIiWSCPDPMUlEQAGILTRKC 
15 HDRVRSMARQKHVVFVDMWROJRDIJXjNGFAI^ 

LTGSAGLVPDGIHPQRWQGIWANAFTV GO"! AHGANIAPIGEAEMCAMGGWYG 
GTDlIAM'Ii'PVAGYVEDFRNAGDFVCTADFNHDLGVTPro 
SARMSNPEHTQIEDIFVFLNLWLVGC (SEQIDNO:81) 

20 

M091_M4aEll (DNA) 

ATGAAGACCATTCTCGCCTATGGCGACAGCCTGACCTATGGGGCCAACCCGA 
TCCCGGGCGGGCCGCGGCATGCCTATGAGGATCGCTGGCCCACGGCGCTGGA 
25 GCAGGGGCTGGGCGGCAAGGCGCGGGTGATTGCCGAGGGGCTGGGTGGTCG 
CACCACGGTGCATGACGACTGGTTTGCGAATGCGGACAGGAACGGTGCGCGG 
GTGCTGCCGACGCTGCTCGAGAGCCATTCGCCGCTCGACCTGATCGTCATCAT 
GCTCGGCACCAACGACATCAAGCCGCATCAC 

CGGGCGGGGCATGGCGCGGCTGGTGCAGATCATCCGCGGGCACTATGCCGGC 
30 CGCATGCAGGACGAGCCGCAGATCATCCTCGTGTCGCCGCCGCCGATCATCC 
TCGGCGACTGGGCGGACATGATGGACCATTTCGGCCCGCACGAAGCGATCGC 
CACCTCGGTGGATTTCGCTCGCGAGTACAAGAAGCGGGCCGACGAGGAGAAG 
GTGCATTTCTTCGACGCCGGCACGGTGGCGACGACCAGCAAGGCCGATGGCA 
TCCACCTCGACCCGGCCAATACGCGCGCCATCGGGGCAGGGCTGGTGCCGGT 
35 GGTGAAGC AGGTGCTCG GCCTGTAA (SEQ ID NO:82) 



M091_M4aEl 1 (Amino Acid) 

MKTDJ^YGDSLTYGANPIPGGPRHAYEDRWPTALEQGLGGKARVIAEGIX^ 
40 VHDDWFANADRNGARVU»TIXESHSPII>^ 
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ARLVQIIRGHYAGRMQDEPQIILVSPPPIILGDWADMMDHFGPHEAIATSVDFARE 

YKKJIADEQKVHFFDAGTVATTSKADGIHLDPANTRAIGAGLWLVKQVLGL 

(SEQIDNO:83) 

5 

Estl05 (DNA) 

ATGCGCACGCTTCACXXjAAGCCTGCTCGKSAAGC^^ 
GGCATCCGGCAACGCAACXKjCGCAGTTCnXX5AAa7IXrrAil 
10 AGCCTGACCGACGiXGGTTCXTITCAAGCCTCtf 

ATTCACGACGAATCCCGGCXXIGGTATGGCCXKJAGGTATTCGGGGCGAACT 

GGCGTCGCGGTGA(XCXXXjCAAACCAGGGTGGGACX:GATTATGCGCAGGGTG 

GCGCGCGCGTGA<XiAGCCTGCCTGGCGTTCXX3ACGTCGCAGCXXi 

cgcggtacggatcxxtacgcagatttcxx^agttcctcggcrc 
15 g atccg aacgc attctattcggtgtggggcggcgog aacgac atlt 1111 tcca 
gctggggttggcgcaggcgckk:atggcgacx3<xxkk:gcaggtcc 

GTCGGCTTGGCCGCGGTCCAGCTGGCGCAGGCAACTGCGGCCCTCAACXjCCA 
GCXjGCGCGCGATTCATCACGGTTATCAACGTGCCGGACATCGGTAAA 
GTTCGGCGTCGGCTCCGGTCAAGGAGCGCAGATCACCGCTCTGTCG^ 
20 TCAACAGCACGCTGTTCGGCGCGCTCGACGCCACGGGCATCCAGACGATGCG 
CGTGAACGGGTTCGCGGTGCTGAACGAGGTGGTCGCGGACCCGGCGGCTTAT 
GGCTTCGCGAATGCATCAACGCCAGCGTGCGGGG(XACGCCATCGCTCGTCT 

gcacgtcggcgaacttcgtcacgcccttggccxxxx^ 
gacggcgttcaccccaccacggccgggcacgccctcatcgcccaagcggtcc 

25 AGGCGATGATCA(XX]KjTCCCCAACAGATGGCGGCGTTGGGCGACX3CCCCGCT 
CGCCGTCGAGCAGGCCAACTTCCGCGCGCTCXjACAACCGCATGTGGTCGAGC 
CTCAATGCGGCGOGCAGCCCGGGCAAGCIXXAGGGTTGGGCGGCCTACGACT 

^cagccacaccksacctgcaggcgxsgaccgaccaatggcagok^cacatga 
acaccgttgcggtcggggtcgacatgaaagtctcxxiatcata 
30 cgcgatgttcggctatacgaacaccaagggcgacttcggcggccccggoggc 

GGATACACACTGAAGCAGCCTGTGGGCACTGCCTATGCGGGTTACXjGCGTGG 
GCCCTTGGTATGTCGGCGCGACGCTCGGCACAGGTGGCCTCGACTACrrc 
CGTCACGCGCGCCATCCCGCITGGCTrGGCXKJITCGCACCGAGAGCXXXXjA^ 
GCCCGAGGCTACGAGTTCACGGGCOjGATCCTCGGCGGCTACTGGTTCACGA 
35 TGCGCGACCTGATGCACGGGCCGTACGCGCGTCTCGCGTGGACGAAGGCCGT 

cgtcaagcggttttccgaggagagcaccgacagcacggcgttgaactacgac 
aggcaggagcgcaagcaacrgctgtggagcctcggatggcaactcgccggc 

AACGTCGGCAGCATCEGTCCCTACGCGCGGGCXjACCTG^ 
AGGATCAGGACCGCAGCGTTGGCGCATCGTCGGTCACGCTGGGCGGCTTTTA 

40 CAGTGTTCCGGTOKX3AAGCCGGACAATAGCTATGCGCTCTTCAGCCTCGGC 
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GCGAGTACCGAGCTCGGGAGCGTCACCGGGTTTGTCGCGGGCTCGGCCACCG 
CAGGCCGGGCGGATGCCAACTATTGGGCGGTCACGGTCGGCCTGCGGATGCC 
GTTGTAG (SEQ ID NO:84) 

5 

Estl05 (Amino Acid) 

MRTIJIRSLIJ^SAAAI.FIAASGNATAQFSNVYFFGDSLTDAGSFKPVIJ'PGTGI^ 
TNPGP VWPQVFGANY G VAVTPANQGGTDYAQGGARVTSLPGYPTSQPTGSAVPI 
ATQISQFlXJSGPADPNAFy'SVWGGANDIFFQLGLAQAGMATPAQVQSAVGLAAV 
10 QI^QATAADiASGARFTTVINWDIGKTPFGV GSGQGAQITAIiJSFFNSTLFGALD 
ATGIQTMRVNGFAVLhffiWADPAAYGFAJ<ASTPACGATPSLV^ 
QTFLFADGVHPTTAGHAIIAQAVQAl^GPQ^ 

RMWSSLNAPRSPGKLQGWAAYDYSHTDLQAGPTNGSGHMNWAVGVDMKVS 
DHMLAGAMFGYTNTKGDFGGPGGGYTLKQPVGTAYAGYGVGPWWGATIXn' 
15 GGU>YSDVTRAIPIXjIAWTESAEARGYIOTG 
WTKAVVKRFSEESTDSTAI2ro>RQERKQI£^ 

roSKDQDRSVGASS\OIX3GFYSWVAKPDNSYAIl^LGASTELGSVTGFVAGSAT 
AGRADANYWAVTVGLRMPL (SEQ IDNO:85) 

20 

Estll4 (DNA) 

ATGGGGCGATCGAGAGTTCrGAAGGCTGTTTTCCTGGTGGCGTGCCTTGTGGG 
TCGGCTCGCGGCGCATGCCGAGGCGTCGCCCATCGTGGTCTACGGCGATAGC 

25 CTCTCTGACAACGGCAATCTGTTTGCGCTCACCGGCGGTGTCGCGCCGCCCTC 
GCCGCCGTACTTCAACGGACGGTTTTCTAATGGCCCGGTGGCCGTGGAGTATC 
TCGCGGCCGCGCTGGGATCTCCGCTGATCGATTTCGCGGTCGGCGGGGCGAC 
GACCGGCCTCGGCGTCAACGGCGATCCCGGTGGTTCGCCGACGAGTCTCGGC 
GCGGCGGGATTGCCGGGGCTTCAGACGACATTCGCCGCCACGCAAGGCACGC 

30 TGGGTCCGTACGTTGGTGGTCTCTTCGTGGTGTGGGCGGGTCCGAACGACTTC 
TTGTCGCCCTCGCCGCTTGACACGAACGCTTTTCAGATTGCGAACCGGGCCGT 
GTCCAACATCCTCGGCGTGGTGGCATCACTTCAGGCACTCGGCGTCGAGCGC 
ATCCTCGTCCCCGGCATGCCCGATCTCGGTCTGACGCCCGCTCTTCAGCCCAT 
CGCAGGCGCAGCCACCGCGTTCACCGATTTGTTCAACTCGATGCTGCGCGCG 

35 GGCTTGCCGAACGACGTGCTGTACCTGGACACGGCGACAATCTTCCGATCGA 
TCGTGGCAGACCCTGGGGCCTACGGCTTGACCAACGTGACCACGCCGTGCCT 
GATTGGTGCGACCGTCTGCGCGAATCCGGATCAGTACCIXjTTCTGGGATGGT 
ATTCATCCTACGACGGCGGGGCACGCGATCTTGGGCAATGCCCTCGTCGCCC 
AGGCAGTCCCCGAGCCCGCGACX^TGGTGCTCGTGCTGACGGGTCTGTCCAT 

40 GCACGTGATTGCGCGCCGGCGGOGGGCGTAA (SEQ ID NO:86) 
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Estl 14 (Amino Acid) 

MGRSRVIJCAWLVACLVGRIAAHAEASPIVVYGDSLS^ 

PYFNGRFSNGPVAVEYLAAAKjSPIJDFAVGGATTOIXjVNGDPGGSPTSLGAAGL 
5 PGLQTTFAATQGTLGPYVGGLFVWAGPITO^ 
VASIXJALGVERXLWGMPDLGLTPAIXJPIA^ 
DTATIFRSIVADPGAYGLT^fVTTPCLIGATVCAl^DQ^ 
ALVAQAWEPATMVLVLTGLSMHVIARRRRA (SEQ ID NO:87) 

10 

Sinorhizobium meliloti Smel (SMal993) (DNA) 

ATGACAATCAACAGCCATTCATGGAGGACGTTAATGGTGGAAAAGCGCTC 

TACTXnXKJTTTGGGGATTCGCKiACATG 

CTCACmACXJITGCGCTATCCCTATGAACA^ 

15 GCGAGGCITGGCGACGGTTACCACATCATCGAAGAGGGGCTGAGCGCXXXjCA 
CX^CCAGCXJTCGACGACCXX:AACGACGCGCXjGCTCAACGGCAGCACCTAGCT 
GCCCATGGCACTCGCCAGCCACCIXX^ACrcGACCTCGTCATCATCATGCTGG 
GCACGAACGACACGAAATCCTATTTCCACCXjCACGCCTTACGAGATCGCCAA 
CCGCATGGGCAAGCTAGTCGGCCAGGTGCTGACCTGCGCCGGTGGCGTCGGC 

20 ACGCCATATCCCGCGCCGAAGGTGCTTGTCGTCGCTCCGCCGCCGCTCGCGCC 
GATGCCCGACCCGTGGTTCGAAGGCATGTTCGGCGGCGGCTACGAGAAGTCG 
AAGGAACTCTCCGGCCTCTACAAGGCGCTTGCCGATTTCATGAAGGTCGAGT 
TTTTCGCCGCCGGTGATTGCATTTCCACCGATGGGATCGACGGCATTCACCTC 
TCGGCGGAAACCAACATCAGACTCGGGCACGCGATGGCGGACAAAGTTGCG 

25 GCGTTGTTC (SEQIDNO:88) 



Sinorhizobium meliloti-Smel (SMal993) (AminoAcid) - — 
hmiSHSWRTLMVEKRSVIXTGDSLTWGWVKGSSPTUlYPYEQRWTGAMAA 
30 RU}DGYHIffiEGLSARTTSLDDPNDARI^GSTYU } MALASHIJ > LDLVIIMU3 

KSYFHRTPYEIANGMGKLVGQVLTCAGGVGTPYPAPKVLVVAPPPLAPMPDPWF 
EGMFGGGYEKS KELS GLYKALADFMKVEFFAAGIX^ISTDGIDGIHI^ AET>nK^ 
HAIADKVAALF (SEQDDNO:89) 

35 

Sinorhizobium meliloti Smell (Q92XZ1) (DNA) 

ATGGAGGAGACAGTGGCACGGACCGTTCTATGCTTCGGAGATTCCAACACTC 
ACGGCCAGGTACCTGGCCGCGGAOCGCTTGATCGCTACCGACGCGAACAGCG 
CTGGGGCGGTGTTCrGCAAGGCCTGCTCGGCCCGAACTGGCAGGTTATCGAA 
40 GAAGGCCTGAGCGGACGCACGACCGTGCATGACGATCCGATCGAAGGTTCGC 
TCAAGAACGGCCGGACCTATCTGCGCCCCTGTCTGCAGAGCCATGCACCACT 
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CGACCTTATCATCATTATGCTCGGCACCAATGACCTGAAGCGGCGCTTCAACA 
TGCCACXXjTCCGAGGTCGCAATGGGCATCGGCIXjTCTCGTGCACGATATCCG 
AGAACTCTXX3CCCGGCCGGACCGGCAACXjATCCCGAAATCATGATCX3TCGrc 
CX:GCCGC05ATGCTGGAAGATCTCAAGGAATGGGAGTCGATTTIXnx:AGG^ 
5 CACAGGAAAAATCTCGCAAGCTGGCGCTGGAGTTCGAGATAATGGCXK3ATTC 
TCTGGAGGCGCATTTCTTCGACGCCGGTACGGTCTGCCAGTGTTC 
ATGGCTTCCACATCGACGAGGATGCCCACXXKXJrGCTCGGCGAGGCTCTCGC 
CCAGGAAGTGCTGGCGATCGGGTGGCCXX3ATGCGTAA (SEQ ID NO:90) 

10 Sinorhizobaanmeliloti Smell (Q92XZ1) (Amino Add) 

MEETVARTVLCFGDS>rrHGQWGRGPLDRYRREQ 

GI^GRTTVHDDPffiGSUONGRTYIItfCXQSHAPL^^ 

VAMGIGCLVHDIRELSPGRTGMDPEIMIVA^^ 

LEimiADSLEAHFFDAGWCQCSPADGFHIDEDAHR^ 
15 (SEQIDNOSl) 



SinorhizobiummelildtiSmeni(Q9EV56) (DNA) 

20 ATGAAGACAGTCCTTTGCTACGGTGACAGTCTGACCTGGGGATACGATGCAA 
CGGGTTCCGGCCGGCATGCGCTGGAGGACCGTrGGCCGAGCGTGCTGCAGAA 
GGCGClXXKnTCGGACGCGCATGTCATCGCCGAAGGGCTGAACGGGCGGACG 
ACCGCCTATGACGACCATCTGGCCGATTGCGACCGGAACGGCGCGCGTGTCC 
TCCCGACX3GTCCTGCACACCCACGCGCCACrCGATCTCATCGTGTTCATGCrC 

25 GGCTCGAACXJACATGAAGCCGATCATTCACGGCACCGCTITC^ 

AGGGCATXX3AGCGCCTCGTCAATCTGGTGCGCAGGCACGACTGGCCGACGGA 
AACG GAGGAGGGGCC CGAGATTCTC ATCGTCTC GCCGCCGCCG CTCTGCGAG 
ACGGCCAACAGCGCCrTTGCCGCCATGTTCGCGGGCGGGGTCGA 
CAATGCrGGCGCCGCrTTATCGCGATCTCGCCGACGAGCTCGACTGCGGCTTC 

30 TTCGACXKKX3GATCGGTGGCCAGGACGACGCCGATCGACGGTGTCCAOCTCG 
ACGCGGAGAACACCCGGGCGGTCGGCAGAGGGTTGGAGCCTGTCGTGCGGA 
TGATGCTCGGGCTTTAA (SEQIDNO:92) 



35 Sinorhizobium melibti SmeDI (Q9EV56) (Amino Acid) 

KlKTVLCYGDSLTWGYDATGSGRHALEDRWPSVl^KAI^SDAHVIAEGI^GRTT 

AYDDHIJUXBRNGARVLPTVIJHTH^ 

RLVNLVRRHDWPTETEEGPEnJVSPPPLCCT^ 

RDLADEIJXX3FFDGGSVARTTPIDG\nEILi)AENIRAVGRGLEPVVR 
40 (SEQIDNOS3) 
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Agrobacterium tumefaciens Atu HI (AAD02335) (DNA) 
ATGGTGAAGTCGGTCXJrCTGCTTTGGCGATTCCXirrCACCT 
5 GGAAACGGGTGGCCGGCACAGCCATGACGATCTTTGGCCGAGCGTCTTGCAG 
AAGGCGCTCGGTCXTrGACGTGCATGTGATTCACGAAGGTCTGGGTGGTOGCA 
CCACCGCCTATGACGACAACACCGCCGATTGCGACXX3CAACGGCGCGOGGGT 
TCTTCCGACGTTGTTGCACAGCCATGCGCCGCTGGATCTGGTGATTGTGA 
TCGGGACCAACGACCTGAAGCCGTCAATCCATGGATCGGCGATCGTTGCX^\T 

10 GAAGGGTGTCGAAAGGCTGGTGAAGCTCACGCGCAACCACATCTGGCAGGTG 
CCGGACTGGGAGGCGCCTGACGTGCTGATCGTCGCACCGCCGCAGCIXjIXjTG 
AAACGGCCAATCCGTTCATGGGCGCGATCTITCGTGATGCGATCGATGAATC 
GGCGATGCTGGCGTCCGTTTACGGGGACXTITGCCGACX^ 
TTTTCGATGCGGGTTCCGTCGCCGGAACGACGCCGGTGGATGGC^ 

15 GATGCTGAAAATA(XKX3GGCCATCGG<3CGKKKKXnXK5AGCX^ 
TGATGCTCGGACTTTAA (SEQ ID NO:94) 



Agrobacterium tumefaciens Ato HI (AAD02335) (Amino Add) 
20 MVKSVIX^FGDSLWGSNAETGGimSHDDLWPSVIXJKAIXjPDVHVIHEGIXKniT 
TAYDDNTADCDRNGARVlPTLLHSHAPIXJLVIVMI^TNDLKPSmG 
VERLVKLTRNHIWQWDWEAPDVTJV^ 

VYRDLADEU)CGFFDAGSVARTTPVDGVHIJ3AENTRAIGRGLEPW 
(SEQIDNO:95) 

25 



Mesorhizobium fotf Mlo_I (Q98MY5) (DNA) 

ATGAAGACGGTGCTTTGCTACGGCGACTCGCTGA<XTGGGGCTACAATGCCG 

30 AAGGCGGCCGCCATGCGCTGGAAGACCGCTGGCCGAGCGTGCTGCAAGCAG 
CGTTAGGCGCCGGCGTGCAAGTGATTGCCGATGGCCTCAACGGCCGCACCAC 
GGCCTTCGACGATCATCTGGCCGGTGCTGATCGCAACGGCGCCAGGCTGCTG 
CCGACGGTCCTGACGACGCACGCGCCGATCGACCTGATCATCTTCATGCTCG 
GCGCCAACGACATGAAGCCTTGGATCCACGGCAATCCGGTCGCAGCCAAGCA 

35 AGGCATCCAGCGGTTGATCGACATCGTGCGTGGTCACGACTACCCGTTCGAC 
TGGCCGGCGCCGCAGATCCTGATCGTCGCGCCGGCTGTAGTCAGCCGCACCG 
AAAATGCCGACTTCAAGGAAATGTTCGCCGGTGGCGATGACGCCTCGAAGTT 
TTTGGCACCGCAATATGCCGCXXn , CGCCGACGAAGCCGGCTGTGGCTTCrrTCG 
ACGCCGGCAGCGTGGCCCAAACCACACCGCTCGATGCTCGTTCACCTOGATGC 

40 CGAAAACACGCGAGAAATCGGCAAGGCGCTGACGCCGATCGTGCGCGTCAT 

GCTGGAATTGTAA (SEQ ID NO.-96) 
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Mesorhizobium toft" Mlo I (Q98MY5)-(Amino Add) 
MKTVUTTGDSLTWGWAEGGRHAI^RWPS^ 
5 AFDDHIAGADRNGARIJJTVLTTHAProiJIFM 

RIJDIVRGHDYPFDWPAPQIIJVAPPWSRTENADFKEMFAGGDDASKFIAPQYA 
AI^EAGCGFFDAGSVAQTITIJDGVHIJDAENTmGKALTPIVRVMLEL (SEQ ID 
NO:97) 

10 

MoraxeUa bovis Mbo (AAK53448) (DNA) 
ATGAAAAAATCCGCCITIG<X!AAATACTCAGCA 

GTGCCTGGACACCGCTrACGCCAAGGAGTITAGCCAAGTCATCATTTTTGGG^ 
ACAGCTTGTCCGATACAGGTCGCCTAAAAGATATGGTCGCCCGAAAAGATGG 
15 CACCCTTGGCAACACXnTACAGCCATCITITAC^ 

GGTCAAGCTTATTTGCCCAAAGTTATGGCAAAACC^^ 
TGACAATCC£ACTGGCACTAACrrATGCCX3TG« 

GAGGTCAATTGGAATGGTTTTGTGAATGTACCCTCCACCAAAACGCAAATCA 
CCGACCATTTGACCGCCACAGGTGGCAAAGCCGAOCCTAATACCCTGTATGC 

20 CATTTGGATTGGCTCTAATGACTTAATTTCAGCTTCrcAAGCCACCACAACAG 
CCGAAGCCCAAAACGCCATTAAAGGTGCGGTAACTCGCACCGTGATAGACAT 
CGAAACACTCAATCAAGCAGGGGCGACAACCATTTTGGTGCCAAATGTGCCT 
GATTTGAGCCTCACGCCCCGAGCCATCTATGGCGAAAGCCTCATGGCAGGCG 
TGCAAGACAAAGCCAAACTCGCCrCAAGTCTGTATAATAGCGGTCrGTTTGA 

25 AGCATTAAATCAATCCACCGCCAACATCATCCCTGCCAACACCITTGCCCTAC 
TCCAAGAAGCGACCACAAATAAAGAAGCCTTTGGTTITAAAAACACGCAAGG 
CGTGGCGTGTCAAATGCCCGCTCGTACCACAGGGGCGGATGATGTGGCTTCT 
ACTrCCTTGGCATGTACCAAAGCCAATCTTATAGAAAACGGGGCAAATGACA 
CCTACGGCTTTGCCGATGACATTCACCCATCGGGACGCACGCACCGCATTTTG 

30 GCACAGTATTACCGTTCTATCATGGACGCCCCTACTCACATGGGTAAACTCTC 
AGGCGAGCITGTCAAAACAGGTTCAGCCCACGACOGTCATGTTTACOGTCAG 
CTTGACAGGCTTAGTGGCTCACAGCACAGCATTTGGGCAAACGTCTATGCCA 
GCGACCGTACCGACCCCACCACCCAAATCGGCTTGGACGTGGCAGGTTCATC 
AAGCCATACAGGGGCGTATCTGAGCCACCAAAACCAAGATTATGTGCTGGAT 

35 GACACCCTATCATCAGATGTCAAAACCATTGGCATGGGGCTGTATCATCGCC 
ATGACATCGGCAATGTCCGTCTAAAAGGCGTGGCAGGTATCGACCGACTTAG 
CGTGGATACGCACCGCCATATCGACTGGGAGGGGACAAGCCGTTCGCACACC 
GCAGATACCACCGCCAGAOjITITCATGCAGGGCTACAAGCCAGCTATGGCA 
TAGACATGGGCAAAGCCACCGTGCGTCCGCTTATCGGCGTACATGCCGAAAA 

40 AGTCAAAGTAAATGACATGACCGAGAGCGAATCAACTTTATCCACCGCCATG 
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CGTTTTGGCGAGCAAGAACAAAAGTCCCTACAAGGCGAGATTGGCGTCGATG 
TGGCTTATCCGATTAGCCCTGCITIXjACTCTGACGGGCGGTATCGCTCACGCT 

catgagtttaacgatgatgaacgcaccattaatgccactttaacctcx:attcg 

TGAATACACXjAAGGGCTTTAATACAAGCGTTAGCACCGAC^C\ATCTCACGCC 
5 AC^AC^GCTCATCTGGGCGTACAAGGGCAACTTGGCAAGGCAAATATTCATG 
CAGCKXnTCACGCCACCCACCAAGACAG<XATACAGACGTGGGTGGTTa3CT 
TGGGGTTCGCTTGATGTTTTAA (SEQ ID NO:98) 

MoraxeUa bovis Mbo (AAK53448) (Amino Acid) 

10 MKJCSAFAKYSAIAIJtfVGMCLHTAYAK^^ 

TLGNTLQPSFTTNPDPWSSLFAQSYGKTASPNTPDNPTGT^ 
WNGFVNWSTKTQITDHLTATGGKADPNTLYAIWIGSNDLISASQATTTAEAQNA 
IKGAVIRTVTDIEILNQAGATnLVPNWDL^ 
LYNSGLFEAI2*QSTA>mPANIFAIJLQEATT^^ 

15 DDVASTSLACTKAMJENGANDTY AFADDIHPSGRTHRIIJ^QYYRSIMDAPTHMG 
KI^GELVKTGSAHDRHVYRQLDRLSGSQHSIWANWASDRTOPTTQIGLDVAGS 
SSHTCAYLSHQNQDYVIJDDTLSSDVKTIGMGLYHRHDIGNVRIXGVAGroRI^ 
DTHRHnDWEGTSRSHTADTTAKRFHAGLQASYGn)MGKATVRPUGVHAQK^ 
NDMTCSESTl^TAMRFGEQEQKSLOGEIGVDVAYPISPALTLTGGIAHAHEFNDD 

20 ERTINATLTSDIEYTKGFNTSVSTDKJSHATTAH^ 
SDTDVGGSIX3VRLMF (SEQIDNO:99) 



Chromobacterium violaceum Cvi (Q7NRP5) (DNA) 

25 ATGCXjCTCTATCGTCTGC AAAATGCTGTTCCC 1 T i'UT 1 GCTGCTGTGGC AGCT 
GCCCGCCCTGGCCGCCACCGTGCTGGTGTTCGGCGACAGCCTGTCCGCCGGC 
TACGGCCTGGCCCCGGGCCAGGGATGGGCGGCGCTGCTGGCGCGCGACCTCT 
CGCCCCGGCACAAGGTGGTCAACGCCAGCGTGTCCGGCGAAACCAGCGCCGG 
CGGCCTGTCCAGGCTGCCCGACGCGCTCGCCCGCCACCAGCCCGACGTGCTG 

30 GTGCTGGAACTCGGCGCCAACGATGGCCTGCGCGGCCTGCCGATGGCTGACA 
TGAGGCGCAACCTGCAGCGGATGATAGACCTGGCCCAGGCGCGCAAGGCCA 
AGGTGCrGCTGGTGGGCATGGCGCTGCCACCCAACTATGGCCCCCGCTACGG 
CGCCGAGTTCCGCGCCGTTTATGACGATTTGGCCCGCCGCAACCGCCTGGCCT 
ACGTGCCGCTGCTGGTCGAGGGCTrCGCCGGCGACCTCGGCGCCTTCCAGCC 

35 CGACGGCCTGCATCCCCGCGCGGAGAAGCAGGCCACCATGATGCGCACGGTC 
AAGGCAAAACTGCCAGTGAAATAA (SEQ ID NO: 100) 



Chromobacterium violaceum Cvi (Q7NRP5) (Amino Acid) 
40 MRSIVCKMIiTLLIXWQIJAIAATVTWG 

RHKA^ASVSGETSAGGLSPOJDALAPxHQPDVLVI^LGANDGLRGLPMADMRR 
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hnUQRNDDLAQARKAKVIXVGMAIITNYGPRYGAEF 
LVEGFAGDLGAFQPDGLHPRAEKQATMMRTVKAKLPVK (SEQ.H>NO:i01) 



5 

Vibrio vulnificus Vvu (AA007232) (DNA) 
ATGTTTTTXXTTTCTAGCGTCGCACA^ 

CGACAGCCTAAGTGCAGGATACAACATGTCTGCAGAGCAGGCTTGGCCTAAT 
TTGTTA(X!AGAAGCATTGAATACATACGGAAAAAACGTAGAAGTGATCAAOG 

10 CCAGTATCTCTGGAGACACAACCGGCAATGGACrATCTCGTCTGCCTGAGTrc 
TTAAAAACGCACTCACCAGACTGGGTCOTATTGAGTTGGGTGCCAATGATG 
GCTTCCGAGGTTTCXXJGCATAAAGTGATCTCriTCAAACC^ 
CAACTCAGTAAAGCCTCAGACGCTAAAGTCGCATTGATGCAAATTCGTGTAC 
CGCCTAACTATGGCAAGCGCTACACCXjATGCATTTGTOGAACICT^ 

15 CTIXXTTGAAC^TCACCAAGTaXGTrGCTCXXXri TITlUiTAGAGGAAGTGAT 
CGTGAAA(XGGAATGGATGATGCCTGATGGCITACACCXJ^ 
CAGCCTTGGATCGCrcAATTTGTTGCAAAAACGTTTTACAAACATCT^ 
(SEQIDNO:102) 

20 

Vibrio vulnificus Vvu (AA007232) (Amino Acid) 
MFFl^SVAHATEKVTIIXjDSLSAGYNMSAEQAWPNL^^ 
SGDTTGNGI^RIPELLKTHSPDWVLIEIXJAMXjLRGFPHKVISSNI^RMIQI^ 
DAKVALMQIRWPWGKRYTDAFVELYPTLAEHHQWLIJ , P1^EEVI\^EW1^ 
25 PDGLHPMPEAQPWIAQFVAKTFYKHL (SEQ ID NO:103) 



Ralstonia eutrophd Reu (ZP001 66901)~(DNA) 

ATGCCATTGACCGCGCCGTCTGAAGTCGATCCGCTGCAAATCCTGGTCTATGC 
30 CGATTCGCTTTCGTGGGGCATCGTGCCCGGCACCCGCCGGCGGCTTCCCTTCC 
CGGTTCGCTGGCC AGGCCGGCTCG AACTCG GCCTG AACGCCG ACGGCGGCGC 
CCCGGTCCGCATCATCGAGGACTGCCTGAACGGCCGGCGCACCGTCTGGGAC 
GACCCATTCAAACCGGGCCGCAACGGCTTGCAAGGGCTGGCGCAGCGCATCG 
AGATCCATTCCCCGGTGGCGCTCXjTGGTTTTGATGCTGGGCAACAACXjATTTC 

35 cagtccatgcatccgcacaacgcctggcatgcggcacagggcgtcggcgcgc 
tggtccacxk:catccggacggcgccgatcgaaccgggaatgccggtgccgcc 
gatcx^ggtggtggtgccgccgccgatccgcacgccctgcgggccgctcgcg 

CQIAAGTTCGCCXjGCGGCGAACACAAGTGGGCAGGCCTGCCCGAGGCGCTGC 
GCGAACTGTGCGCCACTGTCGACTGCTCGCTGTTCGATGCGGGTACCGTGATC 
40 CAGAGCAGTGCCGTCGACGGCGTACACCTTGACGCCGATGCCCATGTCGCCC 
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TGGGCGATGCCCTGCAACCGGTCGTTCGTGCGCTGCTCGCCGAATCXJrCGGG 
ACATCCCTOCTAA (SEQ ID NO:104) 



5 Ralstonia eutropha Reu (ZP001 66901) (Amino Acid) 
MPLTAPSEVDPLQILWADSI^WGIWGTRRRIOT 
RIIEDCLNGRRTVWDDPFKPGRNGIX^LAQRIEIHSPVA^ 
HNAWHAAQGVGALVHAIRTAPIEPGMPWPILVVWPPIRTPCGPLAPKFAGGEH 
KWAGU>FJUJIEIGATVDCSIJT>AGTVIQSSAVDGVH^ 
10 RALLAESSGHPS (SEQIDNO:105) 



Salmonella typhimurium Stm (AAC38796) (DNA) 
15 ATGACXXJAAAAGCGTACCGTGCTAAAATACGGCATACrCTCXK^ 

CCGCGCCATTATCTGCCTGTGCGTTTGACTCTCITACGGTGATTGGO^ 
CTTAGCGATACCGGTAATAACGGTCGCIX3GACCTGGGATAGTGGTCAAAATA 
AGCKTACXiACGAACAGTTGGCCGAACXJATATGGGCTGGAATTAAGCCCTrC 
CAGCAATGGCGGCTCTAATTATGCCGCCGGCGGCGCGACGGCGAOCXXGGAA 
20 TTAAACCCXKlAGGATAATACCGCGGATCAGGTACGGCAGTGGCrTGCCAAAA 
CGGGGGGAAAAGCCGA(XACAACX]KjTTTGTATATTCACTGGGTCGGCGGAAA 
CGATCTGGCGGCGGCCATCGCGCAACCAACCATGGCACAGCAAATAGCCGGT 
AATAGCGCCACTAGCGCGGCGGCGCAGGTAGGGCTGTTACTGGATGCCGGCG 
CCGGGCTGGTCGTGGTGCCAAACGTACCGGATATTAGTGCGACGCCAATGCT 
25 TCTGGAGGCGGTAATCACCGCTGGGCTGGGCGCAGCGGCGCCCCCGGCGCTA 
AAAGCGGCmTAGATGCGCTGGCGGAGGGCGCrACGCCCGATTTOGCCAGTC 
GGCAACAGGCGATCCGCAAGGCGCTGCTGGCGGCGGCTGCAACGGTAAGCA 

1 --GGAATGeATTTATTGAGGAACTGGTCGTTGAACAAGn^^ 

GCGGCGGCAGGGCAGGCGTCAGCTCTGACCGATTATTATAATCAGATGGAAG 

30 AGAAGGGGCTGGAGCAACACGGCGGCAATATAGCCCGTGCCGATATCAACG 
GCCrCTTTAAGGAAATTCTTGCCAACCCGCAGGCGTTTGGTCTGACAAATACC 
GTAGGTATGGCCTGCCCGCCTGGCGTATCGGCTrCGGCGTGCTCCTCGGCAAT 
GCCTGGATITAATGCGTCGCAGGACTATGTGTTTGCCGATCATTTACATCCCG 
GTCCGCAGGTCCATACCATTATTGCGCAATATATTCAGTCGATCATTGCCGCG 

35 CCGGTACAGGCGACATACCTGAACCAAAGCGTTCAGTCGATGGCGCAAGGCA 
GTCGTACCACGCTTGACAGCCGTTATCAGCAGCTrCGCCAGGGGGAAAATCC 
TGTTGGTTCXKn'GGGCATGTTCGGCGGATACAGCGGGGGATATCAACGTTAT 
GATAATAATGAGGCCGACX3GGAACGGTAATCATAATAATCTGACGGTTGGCG 
TCGATTATCAGCTTAACGAGCAGGTTCTGCTGGGAGGGCTGATAGGCX3GTTCT 

40 CTGG ATAAGCAAC ATCCTG ACG ATAATTATCGTTATG ATGCCCGCGtf 1 11 1 CA 
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GGCCG(XGTATTCAGCCATTTACGCGCCGGTCAGGCGTGGCTGGATAGOGAT 
TTACACTTTCTGTCCGCTAAATTCAGTAACATTCAGCG^ 
TGCGCTAAGACGGGTGGAAGAGGGCGAAACCAACGGTCGGCTGTCGGGCGC 
GAGCTTAACCAGCGGTTATGATTTTGTCATGGTGCCGTGGTTAACGACCGGAC 

5 CGATGCTGCAATATGCATGGGATTACAGCCACGTTAATGGTTATAGCGAGAA 
CH^CAATACCAGTACATCAATGCGTTTTGGTGA(XAAAACXKXX^TTCGCAG 
GTGGGTAGCGCGGGTTGGCGTCTGGATCTTCGCCACAGCATCAT^ 
GGCGCAGATTAATTATCGCCGTCAGTTTGGCGATGATACGTATGTGGCGAAC 
GGCGGCCTTAAATCGACCGCGCTGACGTTTAGCCGCGACGGAAAAACGCAGG 

10 ATAAAAACTGGGTTGATATCGCGATTGGCGCAGATTTTGCGCTGTCGGCAAC 
GGTGTCCGCITTCGCCGGGCTGTCGCAAACGGCAGGGTTAAGCGATGGCAAT 
CAAACCCGTTATAACGTITGGGTTTAGCGCCCGATTTTAA (SEQE>NO:106) 



IS Salmonella typhimurium Stm (AAC38796) (Amino Add) 
MIQKRTLLKYGII^LAIA/tfLSACAFDSLTV^^ 

YDEQLAERYGLELSPSSNGGSNY AAGGATATPEI^PQDNTADQVRQWLAKTGG 
KADHNGLYfflWGGNDIAAAMQPTMAQQIAGNSATSAAAQVGIlII)AGAGLV 
VWNWDISATPM1XEAWAGIX3AAAPPAIJCAAIJ0AIAEGATP 

20 AIIAAAAWSSNPFIQQIJLVEQ1JJVGYEAAAGQASALTDYYNQMEEKGLBQHG 
GNIARADINGLFKEIlAWQAFGLTmVGMACPPGVSASACSSAMPGFNASQDYV 
FADHIJiPGPQVHTIIAQYIQSIIAAPVQATYLNQSVQSMAQGSRTTTJ^ 
GENP VGSLGMFGGYSGGY QRYDNNEADGNGNHNNLTVGVDYQLNEQVLLGGLI 
AGSLDKQHPDDNYRYDARGFQAAWSHIJlAGQAWLDSDIJiFI^AKFSNIQRSIT 

25 I^AIJlRVEEGETNGRIilGASLTSGYDFWWWLTTGPMLQYAWDYSHVNGYSE 
KI2TOTSMRFGDQNAHSQVGSAGWRIJ)IJlHSnHSWAQINYRRQFGDDTYVAN 
GGIJCSTALTFSRDGKTQDKm^IAIGADFPI^ATVSAFAGl^OTAGI^IXjNQTR 
YNVGFSARF (SEQIDNO:107) 



30 

In total, nine of the new "GDSL"-type esterases were identified in 6 metageoomic 
libraries and BRAIN'S esterase/lipase library. Eight of these genes were heterologously 
expressed in E. coli and the resulting enzymes analyzed for activity in the assays 
described herein. The characterization of these enzymes for perhydrolase activity 
35 revealed that one displayed the desired activity. A second one was predicted to show this 
activity due to the presence of amino acids conserved among this group of enzymes. 
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Comparison of the sequences of enzymes for which the presence or absence of the 
desired perhydrolase activity was determined led to the identification of 19 amino acid 
positions which were conserved among the enzymes which displayed the desired 
perhydrolase activity. Thus, it is contemplated that these conserved amino adds are 
5 essential for the perhydrolase reaction and/or is a structural feature of perhydrolase 
enzymes. 

One of the identified structural motifs ("G/ARTT") conserved among esterases 
with the desired perhydrolase activity was used to design degenerate primers which 
provided the means to focus the screening on true perhydrolases among "GDSUMype 

10 esterases. Indeed, the use of these "G/ARTT" primers led to the identification of 

enzymes with the desired perhydrolase activity from the metagenome. However, it is not 
intended that the use of the metagenome be limited to any particular assay method 
Indeed, it is contemplated that the metagenome be searched by assaying for a particular 
enzyme activity or activities desired (e.g., perhydiolysis and/or acyitransferase (cofactor 

15 dependent or independent) activity). In addition, screening using poly and/or monoclonal 
anti-sera directed against a protein of interest finds use in the present invention. In 
additional embodiments, the metagenome is searched using degenerate primer sets based 
on the sequence of the protein of interest 

In addition, the knowledge of the stmctui^function relationship of perhydrolases 

20 allowed searching for these enzymes in genome sequences of cultivable microorganisms. 
Of 16 "GDSL'Mype esterases identified in different bacterial isolates, the corresponding 
genes of 10 enzymes were amplified and heterologously expressed in E. colu The 
resulting enzyme samples of seven clones were analyzed using the assays described 
herein. Of five samples characterized to date, 4 enzymes indeed showed the desired 

25 activity and all results confirmed the proposed relationship between primary structural 

determinants and the function of perhydrolases. Thus, an enzyme library of 19 "GDSL"- 
type esterases comprising at least 6 perhydrolases with the desired perhydrolase activity 
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was set up. Hie identified correlation between the structure and function of perhydrolases 
provides a definition of the sequence space used by enzymes with the desired 
perhydiolase activity. 

Comparisons were made of protein sequences of enzymes for which the absence 
5 or presence of the desired perhydrolase activity. This revealed a correlation between the 
presence of certain amino acids and the capability to perform perhydrolase reactions. 
This knowledge was used to identify enzymes containing these conserved amino adds in 
sequenced genomes from cultivable microorganisms. Hie following enzymes woe 
identified and experiments to amplify the genes from the genomic DNA of the 
10 corresponding strains using specific primers were performed 



Table 1. "GDSI/Mype Esterases with a "GRTTMVfotif From 
Bacterial Isolates 



Isolate 


Protein 
Identifier 


Acronym Amplicon 


Expression 
Vector 


Sinorhizobium 
meliloti 


Smal993 


Smel 


yes 


pLO_SmeI 


Sinorhizobium 
meliloti 


Q92XZ1 


Smell 


yes 


pET26_SmeII 


Sinorhizobium 
meliloti 


Q9EV56 


Smem 


yes 


pET26_Smem 


Agrobacterium 
rhizogenes 


Q9KWB1 


Aihl 


no 




Agrobacterium 
rhizogenes 


Q9KWA6 


Aihn 


no 
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Agrobacterium 
tumefaciens 

Mesorhizobiwn loti 

Mesorhizobium loti 

Ralstonia 
- solanacearum 

Ralstonia eutrqpha 

Moraxella bovis 

Burkholderia 
cepacia 

Chromobacterium 
violaceum 

Pirellula sp. 

Vibrio vulnificus 

Salmonella 
typhimurium 



AAD02335 AtuIH 



Q98MY5 
ZPJX>1&7751 
Q8XQI0 

ZP_00166901 
AAK53448 
ZP_00216984 

Q7NRP5 

NP_865746 
AA007232 
AAC38796 



Mlol 
NfloII 
Rso 

Reu 
Mbo 
Bee 

Cvi 

Psp 
Vvu 
Sty 



yes 

yes 
no 
no 

yes 
yes 
no 



n.d. 
yes 
yes 



pEI26_Atoffl 
pET26_Mlo 



ltd 
pET26_Mbo 



pET26_Cvi 

IL(L 

pET26_Vvu 
pET26_Sty 



In the cases of A. rhizogenes, M. loti (enzyme IT), R. solanacearum and A cepacia 
no amplicon could be generated It was thought that this was probably due to genetic 
differences between the strains used in this investigation and those used for the 
sequencing of the genes deposited in the public domain databases. One reason might be 
that the corresponding genes are located on plasmids which are not present in the strains 
used in this investigation. However, it is not intended that the present invention be 
limited to any particular mechanism or theory. 
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The amplicons from all other strains were sequenced, hi many cases there were 
differences between the sequence from the databases and the sequence determined during 
the development of the present invention. By sequencing two clones from independent 



amplifications, mutations introduced by the polymerase could be nearly excluded The 
5 sequences of the genes and the deduced amino acid sequences of "GDSL"-type esterases 
with a "GRTT"-motifor variations from bacterial isolates are provided below: 



SMal 993_Sinorhizobium meliloti (Sme I) (SEQ ID NOS:88 and 89) 
10 Q92XZl_Sindrhizobium meliloti (Sine II) (SEQ ID NOS:90 and 91) 
(&EV56_Sinorhizobium meliloti (Sme ffl) (SEQ ID NOS:92 and 93) 
AAD02335_Agrobacterium tumefaciens (Atu III) (SEQ ID NOS: 94 and 95) 
Q?ZMY5_Mesorhizobium loti (Mlo I) (SEQ ID NOS:96 and 97) 
ZP_O0l669Ol_Ralstonia eutropha (Reu) (SEQ ID NOS: 104 and 105) 
15 AAK53AA%_Moraxella bavis (Mbo) (SEQ ID NOS: 98 and 99) 

Q7NKP5_Chromobacterium violaceum (Cvi) (SEQ ID NOS:100 and 101) 
AA007232_P76/io vulnificus (Vvu) (SEQ ID NOS:102 and 103) 
AAC3 %196_Salmonella typhimurium (Stm) (SEQ ID NOS: 106 and 107) 



Q9KWBl_Agrobactenum rhizogenes (Arh I) 

MICHKGGEEMRSVIXJi'GDSNTHGQIPGGSPLDRYGPhlERWPGVLRRELGSQWY 
VTEEGL£GRTTVPJ)DPIEGTMKNGRTYIJIPC 
25 PPSEVAMGIGCLVYDIRELAPGPGGKPPEINIVVAPPPMLDDIKEWEPIFSGAQEKS 
RRIAlJiFEnADSLEVHFFDAATVASCDPCDGFHIN^ 
R (SEQ ID NO: 108) 

ATGATTTGCCATAAAGGTGGGGAGGAAATGCXKjTCAGTCTTATGCTACGGCG 

30 actcgaatacgcacggccagattccggggggctcaccgctcgaccgatacgg 
gccgaacgagcgctggcctggcgttttgagacgggagcttggaagccagtgg 
tatgtgatcgaggagggcctgagtggccgcacgacggttcgcgacgatccga 
tcgagggcacgatgaaaaacggccggacctacctgcgtccgtgcctcatgag 
ccacgcgatcctcgatctcgtgattatcatgctcgggacgaacgacctgaaa 

35 gcgcgcttcggtcaaccgccaioggaagtggcgatggggatcggctgcctcg 

TCTACGATATCAGGGAGCTGGCGCCCXK}A(XXKjGCGGCAAGCCCCCCGAAAT 
CATGGTGGTTGCTCCGCCGCCGATGCTGGACGATATCAAGGAATGGGAACCC 



20 



106 



_ _ _WO 2005/056782 „ nllM PCT/US2004/040438 
GC821-2 O v-) 



ATATTTTCCGGCGCCCAGGAGAAATCCCGGCGTCTCGCGCTTGAGriTGAAAT 
TATTGCTGATTCGCTTGAAGTACACTTCTTTGACGCCGCGACCGTCGCATCGT 
GTGATCCITGCGATGGTTTTCACATCAACCGGGAAGCGCATGAAGCCTTGGG 
AACAGCGCTTGCCAGGGAAGTGGAGGCGATCGGTTGGAGATGATGA (SEQID 
5 NO:109) 



Q9KWA6 Agrobacterium rhizogenes (Arh IS) 

maesrsiix:fgdsltwgwvpessptijiypfeqrwtgamaaalgdgysiieegls 

10 ARTTSVEDP>TOPRLNGSAYlJ > MAIASHIJ > im 

MGKIAGQVLTSAGGIGTPYPAPKIXIVSPPPI^MPDPWFEGMFGGGYEKSLELA. 

KQYKAIANFLKVDFLDAGEFATCTDGCDGIHFSAETN^ 

KNAAA (SEQID NO:110) 

15 ATGGCAGAGAGCCGCTCAATATTATGTTTTGGGGATTCACTCACATGGGGTro 
GATTCCGGTACCGGAGTCGTCGCCGACXjCTCAGATATCCCTTTGAGCAGCGCT 

ggacx:ggtgcaatggctgcggcactcggtgacggctattcaatcatcgagga 
aggccittcxxx^ccgcacgacxiagcgtcgaggatc 

AACGGCAGCGCCTACCTGCCGATGGCXjCTCGCCAGCCATCTGCCGCTCGATC 

20 TCGTCATCATCCHTCTCGGCACCAACGACACCA 

C(XTATGAGATCGCCAACGGCATGGGCAAGCTTGCCGGACAGGTTCTGACCT 
CGGCCGGCGGGATCGGCACGCCCTACCCTGCCX^CGAAGCTTCTGATCGTTTC 
GCCGCCGCCGCTCGCTCCCATGCCTGACCCGTGGTTCGAAGGCATGTTCGGTG 
GCGGTTACGAAAAGTCGCTCGAACTCGCAAAGCAGTACAAGGCGCTCGCCAA 

25 CTTCCTGAAGGTCGACTTCCTCGACGCCGGCGAGTTTGTAAAGACCGACGGC 
TGCGATGGAATCCATTTCTCCGCCGAGACGAACATCACGCTCGGCCATGCXjA 
TCGCGGCGAAGGTCGAAGCGATTTTCTCACAAGAGGCGAAGAACGCTGCGGC 
-TTAG (SEQ E>N0:111) 

30 

ZPJ01917Sl_Mesorhizobium loti (Mlo II) 

MKTEX^GDSLTWGYDAVGPSPJL\YEDRWPSVIX?GRIXjSSARVIAEGLCGRTTA 
FDDWAGADRNGAPJLPTLLATHSPLDLVIVMLGT^ 

RWQIIRGQPYSFNYKWSILLVAPPPLCATENSDFAEnTGGMAESQKIAPLYAAL 
35 A(^TGCAFFDAGWARTTPU3GIHIJI)AENTRAIGAGLEPVWQALGL (SEQ ID 
N0:112) 

ATGAAGACC^TCCTTTGTTACXKjTGACTCCCrCACTTGGGGCTATGATGCCGT 
CGGACCCATGAAGACCATCCITTGTTACGGTGACTCCCrrcACTTGGGGCTATG 
40 ATGCTOTCGGACCCTCACGGCATGCTTATGAGGATCGATGGCCCTaXJTACTG 
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CAAGGCCGCCTCGGTAGCAGTGCGCGGGTGATCGCCGAGGGGCTTTGCGGCC 
GCACAACTGCGTTTGACGACTGGGTCGCTGGTGCGGACCGGAACGGTG^ 
CATCCTGCCGACGCTTCTrGCGACCCATTCACXDGCTIGACXrrcGTrATC 
TGCTCGGGACGAACGACATGAAATCGTTCGTTTGCGGGCGCGCTATCGGCGC 
5 CAAGCAGGGGATGGAGCGGATCGTCCAGATCATCCGCGGGCAGCCITATTCC 
TTCAATTATAAGGTACCGTCGATTCTTCTCGTGGCGCCGCGGCCGCTC^ 
TACCGAAAACAGCGATTTCGCGGAAATTTTTGAAGGTGGCATGGCTGAATCG 
CAAAAGCTCX3CGCCGCTTTATGCCGCGCTGGGCCAGCAAA(XGGATGCGCCT 
TCTTCGATGCAGGCACTGTGGCX:CGCACGACA(XGCTCGACGGTATTCA.CXnx: 
10 GATGCTGAAAACACGCGCGCCATTGGTGCCGGC^^ 
AAGCGCTTGGATTGTGA (SEQIDNO:113) 



Q8XQ10_Ralstonia solanacearum (Rso) 
15 MQQIIXYSDSIJ3WGIIPGTRRRIJTAARWAGVMEHAIX2^^ 
TTVJJDDPARPGRNGLCKHAQRIEAHAPLALV^^ 

VAQLVRAIRQAPmPGMPWPVLIVWPAITAPAGAMADKFADAQPKCAGLAQAY 

RATAQTU3CHWDANSWPASRVDGMLDADQHAQLGRAMAQWGTLIAQ 

(SEQE>NO:114) 

20 

ATGCAACAGATCCTGCTCTATTCCGACTCGCTCT<XTGGGGCATCATCCCCGG 
CACCCGCCGGCGCCTGCCGTTCGCCGCCCGCTGGGCCGGGGTCATGGAACAC 
GCGCTGCAGGCGCAAGGGCACGCCGTGCGCATCGTCGAAGACTGCCTCAATG 
GACGCACCACGGTGCTCGACGATCCCGCGCGGCCGGGGCGCAACGGACTGCA 

25 GGGGCTCGCGCAGCGGATCGAAGCGCACGCCCCGCTTGC(XTGGTC^TCCTG 
ATGCTCGG(^CCAACGACTTCCAGGCGATCTTCCGGCACACCXjCCCAGGACG 
CGGCGCAAGGCGTGGCGCAGCTGGTGCGGGCCATCCGCCAGGCGCCGATCGA 
ACCCGGCATGCCGGTGCCGCCCGTGCTGATCGTGGTGCCGCCGGCCATCACC 
GCGCCGGCCGGGGCGATGGCCGACAAGTTTGCCGACGCGCAGCCCAAGTGCG 

30 CCGGCCTTGCGCAGGCCTATCGGGCAACGGCGCAAACGCTAGGCIXjCCACXjT 

cttcgatgcgaacagcgtcacgccggccagccgcgtggacggcatccacctc 
gatgccgaccagcatggggagctgggccgggcgatggcgcaggtcgtcggg 
acgctgcttgcgcaataa (seq id no:l 15) 

35 

ZP_00216984 Burkholderia cepacia (Bee) 

ATGACGATGACGCAGAAAACCGTGCTCTGCTACGGCGATTCGAACACGCATG 
GCACACGaXGATGACGCATGCTGGCGGACTGGGGCGGTTTGCACGCGAAGA 
ACX3CTGGACX3GGCGTGCTGGCGCAAACGCTCGGTGCGAGCTGGCGGGTCATT 
40 GAAGAAGGGTTGCCCGGGCGTACGACCGTGCATGACGATCCGATCGAAGGCC 
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GGCACAAGAATGGTTTGTCGTATCTGCGCGCGTGCGTCGAAAGCCACTTGCC 
CGTCGATGTCGTCGTGCTGATGCTCGGGACCAACGATO 
CGGTCACGCCCGCCGACATCGCGACATCGGTCGGCGTATTXKnTGCCAAGAT 
CGCTGCGTGCGGCGCCGGTCXX}TCCGGTGCGTCACCGAAGCntX}TGCTGATG 
5 GCGCCTGCGCCGATCGTCGAGGTCGGATTOrrcGGCGAGATCTTTGCGGGCG 
GCGCAGCGAAGTCGCGGCAGCTCGCGAAGCGGTACGAACAGGTGGCAAGCG 
ATGCCGGTGCGCACTITCTCGATG(XGGCGCGATCGTCGAGGTGAGCXXXX^ 
GGATGGCGTTCACTTCGCGGCXXjATCAGCATCGTGTGCTCGGGCAGCGGGTC 
GCTGCCCTTCTGCAGCAGATTGCGTAA (SEQ ID NO: 1 16) 

10 

MTMTQKTVLCYGDSNraGTRFMTHAGGIXjRFA 
EEGLPARTTVHDDPIEGRHKNGI^YLRACVES 

TPADIATSVGVLIAKL^CGAGFSGASPKLVLMAPAPr/EVGFLGEIFAGGAAKSR 
QIAKRYEQVASDAGAHFLDAGAIVEVSPVDGVHFAADQHRVLGQRVAALIjQQI 
15 A (SEQK>NO:117) 



NP_S6S746Pirellulasp(Psp) 
20 MHSHJYGDSI^WGIIPGTRRRFAFHQRWPGVMEffilJlQTGIDARVffilX^LNGRRT 
VLEDPIKPGRNGLDGLQQRIEINSPI^LVVLFIXnTTOFQSVHEFHAEQSA(^LA^ 
VDAIRRSPFEPGMPTPKIIXVAPPTVHHPKLDN^ 

TEHSCEFFDAATVTTTSVVDGVHIJDQEQHQALGTAI^ (SEQ ID 

NO:118) 

25 ' 

ATGCATTCAATCCrCATCTATGGCGATTCTCrcAGTTGGGGAATCATTCCCGG 
CACGCGTCGTCGCITCGCGTTCCATCAGCGTTGGCCGGGCGTCATGGAGATTG 
AACTGCGACAAACTGGAATCGATGCCCGOGTCATCGAAGACTGCCTCAATGG 
CCGACGAACCGTCTTGGAAGATCCAATCAAACCCGGACGCAATGGCCTGGAT 

30 GGTTTGCAGCAACGGATCGAAATCAATTCACCTCTGTCACTGGTCGTGCTCTT 
TCTGGGGACCAACGATTTCCAGTCCGTCCACGAATTCCATGCCGAGCAATCG 
GCACAAGGACTCGCACTGCTTGTCGACGCGATTCGTCGCIXXCCITTCXj 
AGGAATGCCGACACCGAAAATCCTGCTTGTC«CAC£ACCGACGGra 
CCGAAACTTGATATGGCGGCGAAGTTCCAAAACGCGGAAACGAAATCGACG 

35 GGACTCGCAGATGCGATTCGCAAGGTCTCAACAGAACACTCCTGCGAATTCT 
TCGATGCGGCCACXjGTCACCACAACAAGTGTCGTCGACGGAGTCCATCTCGA 
TCAAGAACAACATCAAGCACTCGGTACCGCACTGGCATCGACAATCGCTGAA 
ATACTAGCAGACTGTTGA (SEQIDNO:119) 

40 
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As indicated above, the above sequences are the protein sequences and the coding 
sequences of"GDSL-type" esterases with a << GRTT w -motif or similar motifs from 
different bacterial isolates. The DNA sequences represent the target-DNA from which 
specific primers were deduced All amplicons were ligated as NdeUXhoI-fragments to 
5 pET26 thereby eliminating the pe/B-leader sequence of this vector. All of the "GDSL- 
type" esterases from these isolates were expressed in E. coli Rosetta (DE3) at 28 # C. The 
: expression was induced by addition of 100 ftM IPTG at an O.D.sso = 1 and die cells were 
harvested 20 h after induction. Only the cells expressing the enzymes fromM bovis and 
& typhimurium were collected 4 h after induction, since previous experiments had shown 
10 that the highest activity could be obtained at this point of time. Table 2 summarizes the 
expression experiments. 



Table 2: Expression and Characterization of w GDSL"-type Esterases From 
Bacterial Isolates for Perhydrolase Activity 



Strain 


Enzyme 


Expression 


Solubility 


5 Activity 


Perhydrolase 


GRIT 






Level 2 




4 


Activity 


-Motif 


£ meliloti 


Smcl 


+++ 


4+ 


5770,0 


yes 


ARTT 
GRIT 


S. meliloti 


"Smell 






85,0- 


yes 


£ meliloti 


Smeffl 


+-H- 


++ 


746,5 


n.4 


GRTT 


A. tumefaciens 


Atuffl 


n.d 5 . 


nd. 


n.d. 


nld. 


GRTT 


M.loti 


Mlol 


+++ 


++ 


1187,3 


yes 


GRTT 


M.bovisf 


Mbo 


+ 


n.4 


isa 


yes 


ARTT 


C violaceum 


Cvi 


+ 


+ 


2422,7 


n.4 


GETS 


V vulnificus 


Vvu 


n.d. 


n.4 


n,4 


n.4 


GDTT 


& eutropha 


Reu 


nd. 


n.4 


n.4 


n.4 


GRRT 


S.tyhimurium 1 


Sty 


+ 


n.4 


17,2 


no 


SRTT 



outer membrane localized autotransporter protein 
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2 

expression level: + moderate overexpression; ++■ strong overexpression; 
very 

strong overexpression as judged fiom SDS-PAGE-analysis 
3 as judged by SDS-PAGE-analysis — 
towards jp-nitrophrajd butyrate 
not determined 



With flie exception of the enzyme fiom S. typhimurium, all other enzymes tested 
showed the desired perhydrolase activity, confirming the correlation between the presence 
of certain conserved amino acids an the capability to perform perhydrolase reactions. 
Although the enzyme fiom & typhimurium contains the GRTT-moti£ it is different fiom 
the other enzymes by the location of this motif downstream fiom block V. In all other 
enzymes, this motif is located between block I and m, indicating that it might have a 
15 different function in the enzyme fiom S. typhimurium. Thus, the absence of perhydrolase 
activity in the enzyme from £ typhimurium also supports the identified 
stmcture/function-relationship of the perhydrolases provided by the present invention. 

20 Screening of New "GDSL-type* Esterases in Metagenome Libraries 

I) Library S279 

The full-length sequence of the gene fiom clone M75bA2 was completed, 
as provided below. 

25 

1 tgggcggttt cgcggagtcg agcagggaga gatgctcctg ggtcgtacga gttggtacgg 
grf rgv eqg emll g r t s w y 

30 

61 aggcatcgtt gaagatctca cgcctgcttg aatgcgcgcg gatatggaac ggaccggccg 
ggiv edl tpa - m r a dme rtg 
35 121 cgctggcgat cggtgtcggc gtggggctgg cgagcctgag cccggtcgcg ctggcgacgc 
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ragd rcr rga g epe pg r agd 

181 cgccgcgggg caccgtgccg gtgttcaccc gatcggggac agcctgacgg acgagtattt 
5 . . 

aaag hra gvh pi ad si . t d e y 

241 tgagccgttc ttccagtggg ggttctgcgg gaagtcgtgg gccgagattt tggtggagac 

10 fe pf fqw gfc gksw aei lve 

301 ggggcgggcg agcatgggcc cgacggcgca gcaggcgggg atcagcgagc cggagggatg 

tgra.s m g pta qqa g i s e. peg 

15 

361 gtcggatccg cggaacacgg ggtatcagca caactgggcg cggtactcgt ggagctcctc 

wsdp rnt gyq hnwa rys was 

20 421 agacgcgctg accgaggagt cgccgggggc gacgctgagc gtgctgcttg gggcggagta 

sdal tee spg at ls vll ga e 

481 cgcggtggtg ttcattggga ccaacgactt caatccgtcg tggccggcgt atcagagcgt 

25 

y a v v f i a t n d fnps wpa yq s 

541 gtatctgagc cagtggagcg acgagcagat cgacacgtac gtgaacgggg tggtgcagaa 

30 vyls qws deq idty vng vv q 

601 catcgcgcag atggtggact cgctgaagtc ggtcggggcg aaggtggtgc ttgcgccgcc 

niaq mvd slk svga kvv lap 

661 ggtggatttt cagttcgcgg ggttcctgcg gaactcatgc ccggatccga tgctgcgcga 

pvdf qfa gfl rnsc pdp mlr. 

40 721 gcaggcgggt attctgacac ggaagtgcca cgaccgggtg cggtcgatgg cgcggcagaa 

eqag ilt rkc hdr v rsm arq 

781 gcacgtggtg ttcgtggaca tgtggcggct gaaccgcgat ttgttcggca acgggttcgc 

khvv fvd mwr lnrd lfg n g f 



35 
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841 gatcagctac ggccttcgga acacggtgcg cgtgggggac tcggagatcg ggctgcaact 

aisy glr ntv rvgd sei glq. 
901 ggccgggctg acgggatcgg cggggctggt tccggacggg atccatccgc agcgggtggt 

lagl tgs agl vp da i h p q r v 
961 gcaggggatc tgggcgaatg cgttcatcgt gggtctgaac gcgcatgggg cgaacatcgc 
vqgi w an afi vgln ah g ani 
1021 gcccatcggc gaggcggaga tgtgcgcgat ggggggggtc gtgtacgggg gaacggacac 
15 apig e a e m ca mggv vyg gt'd 

1081 gctggcgaac ttcctgccgc cggtcgcggg ctacgtggag gacttccgca acgcggggga 

t lan flp pva gyve dfr na g 
1141 cttcgtgtgc acggcggact tcaaccatga ccttggcgtg acgccgacgg acatcttcgc 
dfvc tad fnh dlgv tpt dif 
25 1201 gttcatcaac gcgtggttca tgaatgatcc ctcggcgcgg atgagcaacc cggagcacac 
afin awf mnd psar msn pen 
1261 gcagatcgag gacatcttcg tgtttctgaa tctgtggctg gtggggtgct gaggcagagt 

30 

tqie dif vfl nlwl vg c -gr 
1321 gggaaggggg tcagcccact tcgcgcgtct ggaagaggat gacggcgacg gagaggaaga 
35 vgrg sah far leed dg^d gee 

In the sequence of S279_M75bA2 provided above (DNA, SEQ ID NO:80; and 
amino acid sequence, SEQ ID NO:81), the coding sequence running from position 104 
40 through 1312 is shown on a grey background. Conserved structural motifs are shown 
underlined and in bold. 

The deri ved amino add sequence showed the highest homology to a hypothetical 
protein (Y17D7A.2) from Caenorhabditis elegqns (BlastP2; swisspir), although with a 
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very high E-value of 2.5 (i.c, indicating a non-reliable hit). Hie fact that no esterase is 
among the homologous proteins identified by the BlastP2-analysis indicates that this 
enzyme is a rather unusual "GDSL-type" esterase. Furthermore, the enzyme is 
characterized by unusually long peptides between the N-terminus and the "GDSL"-motif 
and the "DXXtT-motif of block V (containing the active site aspartic add and histidine) 
and the Oterminus. Hie very C-terminal sequence shows similarity to a membrane 
lipoprotein lipid attachment site. A corresponding signal sequence of lipoproteins was not 
identified. The gene encoding M75bA5 was amplified but no further efforts were taken 
for this enzyme since it did not have the conserved amino acids typical of the 
perhydnrfase of die present invention. 

U) Library S248 

Hie clone carrying the sequence-tag SP7J3j5h which could have been part of a 
gene encoding a "GDSL"-type esterase was identified (M3 IbAl 1), and the sequence was 
elongated. This facilitated the determination that this sequence did not encode a "GDSL- 
type" esterase, because block V could not be identified. The generation of this amplicon 
can be explained by an "unspecific" hybridization of primer 5h with the first mismatches 
at nucleotides 10, 14 and 15 from the 3 '-terminus of the primer. The sequence showed 
the hi^iest homology to a hypothetical protein (K03E5.5) from Caenorhabditis elegans 
with an E-value of 1 .6, indicating a non-reliable hit The sequence-tag from clone 
S248_M31bAll is provided below. 

► 

1 cggaattatc atgctgggtt ttaatgacca gcgcgagagg atcaacgaca acctcgatta 

rny hag f - - p are dqr qprl 
g i i ml a f n d qrer i nd nld 
el scwv lmt sar gstt tsi 

61 ctgggacgcc taccactccg tcctgggcga gagacagttt tattccggca attccaagat 
Igr lpl rpgr etv Ifr qfqd 
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ywda yhs v 1 g erqf ysg nsk 
tgt pttp swa rds fipa ipr 

121 gttcgtcccc atcaccaaga tcgcggtgaa ggcgcgcaag acccggttca ccaatcagat 
5 vrp h hq drge gaq dp*v hqsd 

mfvp i tk iav k a r k trf tnq 
ess pspr s r - rra rp gs pir 

M o — oo-o-o 

181 ttttcctcag tccggccgca acgtcgatgt caccaccacg gacggcacac tcccocacgc 
10 fss vrp q rrc hhh g rh tppr 

i fpq sgr n v d vttt d a t 1 p h 
f f l s pa a ts m spp r t a h ' s m p t 

000 OQjOOO 

241 caccatgtcc ctggtcgagc actacatccg ggcctgccgc ctgcgcaccc agatogttcc 
15 hh v pgr alhp glp p ah pdrs 

a tms lve h yi racr lr t qiv. 
pp c pwss tts gpa acap r-sf 

301 ggccctgatc gttaacggcg attgcgaagg catgtacagc atctatgtcg gctggtcgaa 
20 gpd r-r rlrr hvq hlc rlve 

pali vng dee gmys iyv g ws 
r p - ■ s 1 t a i a k act asms agr 

361 aaccaccaag catgttgttt caegtgaaac aaagccggtc gaaagcgacg gcatggaatt 
25 nhqacc ft-n kag rkrrhgi 

kttk hvv sre tkpv e sd gme 

kpp smlf hvk qsr skat awn 

421 tcccgaactg ggcgaagccg acgacatcac cgaagaaacg . cttgagtgtg gccttcccga 
30 srt g rs rrhh r rn a-v w psr 

fpel gea ddi teet le.c glp 
fpn wakp tts pkk rlsv afp 

481 catcgaattg ateteggacg ccgatcttct cgtccttcca ccagcgccga caacattcca 

35 hri dig rrss rps tsadnip 

diel isd adl lvlp pap tt f 

tsn - srt pif ssf hqrr qhs 

541 aggegcttga gatgggcggg ttcggtcacg atcttgcgcc gtggacaagg gcaaggtccg 

40 rrl rwa gsvt il r rgq-g qg p 

qga - dgr vrs rs ca vdk gkv 

kal emgg fgh dla pwt r ars 

601 cagatgatcg aegaggegeg atcaccgaga tgccgcgacg atctgtcgac gctatgtcac 
45 q mi dea rspr crd dls t 1. c h 

rr-s trr dhr daat icr ryv 
add rrga ite mpr rsv d ans 
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661 cagcgcatgt ccgacggtgg aatgcaagac aggtnggntn gatcgggg(SEQ ID NO: 120) 
qrm sdg gmqd r?? ? s g(SEQ ID NO:121) 
tsac p tv eck tg?? dr (SEQ ID HO: 122) 
pah vrrw nar q?? ? i gJSZQ ID HO:123) 



In the above sequence-tag of the clone S248 M3 IbAl 1, the primers 3j and 5h are 
indicated. Hybridization between primer and template is indicated by arrows, 
1 0 mismatches by open circles. Putative conserved structural motifs are indicated in bold 
and underlined 

Several further sequence-tags woe generated using different primer pairs of the 
primers 2 and 5 but none turned out to encode a ^GDSL^-type esterases. TTie screening 
of this library was completed. 

15 

iii) Library M091 

The elongation of the amplicon SP3_lj5h, which was identified in the insert-DNA 
of clone M24dG12 proved that the corresponding sequence does not encode a "GDSL"- 
type esterase. Whereas the sequence encoding a putative block V (DGTHP; SEQ ID 
20 NO: 124) was found, the corresponding sequence encoding , block I was missing. The 
amplicon was generated due to an "unspecific" hybridization of primer lj wife the first 
mismatches at positions 5, 10, 11 and 12 from the 3 s -terminus of the primer. The 
sequence-tag of done M091_ M24dG12 s shown below: 

25 

1 gcctgatggc ttcgagttcg tcgaattcac ctcgccccag cccggcgtgc tggaggcggt 

a-w I rv rrih lap arr a g g g 
pdgfefveftspqpgvlea 
30 lmassssnsprpspacwrr 

61 gtttgaaaag ctgggtttca ccctggtcgc caagcaccgg tccaaggatg tggtgctgta 

v-kagfhpgrqapvqgcgav 
35 vfek lgf tlv akhr skdvvl 



116 



P C J^°J°S 5 J^J? 2 4.QM-3 S PCT/US2004/040438 
GC821-2 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



elk s w v s 

121 ccgccagaac ggcatcaact 

p p e r h q 

y r q n gin 
tar t a s t 

181 tggtgccgag catggcccct 

w c r a w p 

f g a e h g p 
1 v p s m a p 

241 ggcttataac cgcgcgctgg 

g 1 - p r a 

k a y n r a 1 
r 1 i t a r w 

301 ggaactgege ctgcccgcca 

g t a p 'a r 

m e 1 r 1 p a 
w n c a c p p 



. p w s 

tcatcctgaa 

1 h p e 

f i 1 
s s - 

ccgcctgtgg 

1 r 1 w 

sac 
p p v 

aactgggege 

g t g r 



pst gprm wee 

ccgcgagccc cacagccagg ccgcctactt 

pr a p q _p grll 

nrep hsq aay 
t a a ptar ppt 

cctggccttc cgtgtgaagg atgcgcataa 

p gl pce gca- 

glaf rvk dah 
•awp s v - * r mri 

ccagcccatc gagatcccca ccggccccat 

pah r d p h r p h 




tcaagggcat 

h q g h 

i k g 
s r a 



igga asv fdr 
laa pply lid 



361 gctttgaaga cggcaagtcc atctacgaca tcgacttcga gttcatcgaa ggcgtggacc 



a 1 k t a s 
P 1 - r r q v 
r f e d g k s 



p s t t 
h 1 r 
i y d 



s t s s s s 
h r 1 r v h r 
i d f e f i e 



k a w t 
r r g 
g v d 



421 gccgccccgc ggggcatggc ctgaacgaga tcgatcacct cacgcacaac gtgtaccggg 



a a p r g m 
p p p r g a w 
r r p a g h g. 



a - t r 
per 
1 n e 



sit s r t 
-drsp haq 
i d h 1 t h n 



t c t g 
r v p 
v y r 



481 gccgcatggg cttctgggcc aacttctacg aaaagctgtt caacttccgc gaaatccget 



a a w a s g 
g p h g 1 1 g 
g r m g f w a 



p t s t 
q 1 1 
n f y 



k s c s t s 
r k a v q 1 p 
e k 1 f n f r 



a k s a 
r n p 
e i r 



541 acttcgacat ecagggegaa tacacgggcc tgacctccaa ggccatgacc gcgcccgacg 



601 



t s t s r a 
1 1 r h pgr 
y f d i q g e 

gcaagattcg catcccgctg 

a r f a s r 



n t r a 
i h g 
y t g 

aacgaagagt 

- t k s 



- p p r p - 
p d 1 q g h d 
Its k a m t 

ccaagcaggg cggcggccag 

p s r a a a 



p r p t 
r a r 

a . p d 

atcgaagaat 
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rqds hpa err vqag rrp drr 

gki ripl nee skq 9 g g q iee 

5 661 ttttgatgca attcaacggc gagggcattc agcacatcgc gctgatctgc gacaacctgc 

f-c nst araf s t s ♦ r - s attc 

ifda iqr rgh s ahr adl rqp 

10 flm qfng egi qhi alic dn l 

721 tggacgtggt ggacaagctg ggcatggccg gcgtgcagct ggccaccgcg cccaacgagg 

wtw..wts wawp acs wpp rptr 



15 



30 



35 



40 



a grg gq a g h g rra a ghr aqr 
Idv vdkl gma gvq lata pne 



20 781 tctattacga aatgctggac acccgcctgc ccggccacgg ccagccggtg cccgagctgc 

sit kcw tpac pat as r cpsc 

gllr nag hpp a r p r pag ara 
25 vyyemldtrlpghgqpvpel 

^ O-OO— OOOOO 
841 agtcgcgcgg catcttgctg gacggcacca cggccgacgg cacgcacccg cctgctagct 



sra asc wtap rpt art rlla 

avar hla grh hgrr hap a c - 

qsr gill dgt ta d o t h p pas 

ooo-o 

901 tcagatcttc tccacgccca tgctgggccc ggtgttcttc gaattcatcc agcgcgaggg 

sdl lha hagp gv l rih parg 

lqif stp mlg pvff efiqre 

fr s sprp cwa res snss sar 

961 cgactaccgc gaeggctttg gcgaaggcaa ettcaaggeg ctgttcgagt cgctggaacg 

rip rrl wrrq lqg avr vagt 



45 gdy r dgf geg nfka lfe sle 

att atal aka tsr rcss rwn 

1021 cgaccagatc cgccgtggtg tgctgaacac ataagacatc agacatccag ggttaaccct 

50 rpdppwcaehirhqtsrvnp 

rdqi rrg vln t-di rhp git 
atr savv c-t hkt sdiq g~P 

55 1081 gcacaggtgc etatactgeg cgctccccgg aactcaaaag gatcccgatg tcgctccgta 
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aqv pil rapr nsk gsr crsv 

1 h r c lyc alp gtqk dpd vap 
ctg ayta rsp elk rip m sir 

1141 gcaccctgtt cagcaccctt ttggccggcg cagccactgt cgcgctggcg cagaacccgt 

ape sap fwpa qpl s r w rr tr 

10 - h p v qhp fgrrshc rag aep 

s tl fstl lag aat vala qnp 

1201 ctgcccgctc acatcg (SEQ ID NO: 125) 
1 p a hi (SEQ ID N0:126) 
15 v c p 1 t s (SEQ ID NO:127) 

s a r s h (SEQ ID NO: 128) 



Sequence-tag of the clone M091_M24dG12. Hie primers 1 j and 5h are indicated 
20 in the above sequence-tag of the clone M091_M24dG12. Hybridization between primer 
and template is indicated by arrows, mismatches by open circles. Putative conserved 
structural motifs are depicted in bold and underlined. 

A further sequence-tag (SPl_2b5h) was generated using the primer pair 2b/5k A 
BlastX-analysis of the sequence from this tag yielded the highest homology to an 
25 arylesterase from Agrobacterium tumefadens, with 70% identity. Hie single clone 

carrying the corresponding gene was identified (M4aEl 1) and the full length sequence 
determined to be as shown below: 



1 atgaagacca ttctcgccta tggegacage ctgacctatg gggccaacec gatcccgggc 
30 mktilay ads 1 ty gahpipg 

61 gggccgcggc atgcctatga ggatcgctgg cccacggcgc tggagcaggg getgggegge 
gpr hay e drw pta leq glgg 

35 121 aaggcgcggg tgattgeega ggggctgggt ggtcgcacca cggtgcatga cgact^gttt 
kar via eglg art fc v h d d w f 



40 



181 gegaatgegg acaggaaegg tgcgcgggtg ctgccgacgc tgctcgagag ccattcgccg 
ana drn garv l pt lie sh sp 

241 ctcgacctga tegtcatcat gctcggcacc aacgacatca agccgcatca egggeggacg 
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1- d 1 ivi ml at n d i k p h hgrt 

301 gccggcgagg ccgggcgggg catggcgcgg ctggtgcaga tcatccgcgg gcactatgcc 
. age agr gmar lvq iir ghya 
5 ■ - ■ 

361 ggccgcatgc aggacgagcc gcagatcatc ctcgtgtcgc cgccgccgat catcctcggc 
grm qde pqii lvs p pp i il g 

421 gactgggcgg acatgatgga ccatttcggc ccgcacgaag cgatcgccac ctcggtggat 
10 dwadmmdhfgpheaiatsvd 

481 ttcgctcgcg agtacaagaa gcgggccgac gagcagaagg tgcatttctt cgacgccggc 
far eyk k r a d eqk vhf fdag 

15 541 acggtggcga cgaccagcaa ggccgatggc atccacctcg acccggccaa tacgcgcgcc 
tva tts ka da i h 1 d p a n t r a 



20 



601 atcggggcag ggctggtgcc gctggtgaag caggtgctcg gcctgtaa(SEQ ID NO: 129) 
iga glv plvk qvl gl -{SEQ ID NO:130) 



In the above sequence, the conserved structural motifs are shown in bold and 
underlined. The BlastP-analysis with die deduced full length amino acid sequence 
identified the same hit with a identity of 48%. The primary structure of this enzyme 

25 showed the "GRTT'-motif proving the usefulness of the primers directed towaids block 2 
for the identification of "GRTT'-esterases. The gene was amplified to introduce unique 
restriction enzyme recognition sites and the absence of second site mutations was 
confirmed by sequencing. The gene was ligated to pET26 and was expressed in E. coli 
Rosetta (DE3). The vector map is provided in Figure 5. Expression and control strains 

30 were cultivated in LB in the presence of kanamycin (25 ^ig/ml), chloramphenicol (12.5 
jig/ml), and 1% glucose. At an OD580 of 1, expression was induced by addition of 100 
liMIPTG. Samples were taken at 2, 4, and 20 hours after induction* Cells were 
separated from the culture supernatant by centrifugation and after resuspending in sample 
buffer, they wee incubated for 1 0 minutes at 90"C. An amount of cells representing an 

35 OD580 of 0.1 was applied to a 4-12% acryi amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. 
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Strong overexpression of the gene was detected already 2 h after induction with 
100 jiM EPTG, as determined by SDS-PAGE analysis of crude cell extracts from E. coli 
Rosetta (DE3) pET26_M4aEl 1. The amount of protein representing KT4aEl 1 (calculated 
size 23 .2 kDa) increased further over time. 
5 Esterase activity of crude cell extracts from strains expressing the "GDSL"-type 

esterase M4aEl 1 was determined. An amount of cells corresponding to an OD^go = 2 
were resuspended in 200 jil of 5mM Tris/HCl pH 8,0, and lysed by ultrasonication. 
Then, 20 fil of each sample were used to determine the esterase activity towards p- 
nitrophenji butyrate in a total volume of 200 fiL The activity was corrected for the 

1 0 background activity of the control strain. The activity towards /^nitrophenylbutyrate 
readied about 125 nmol/ml x min 20 h after induction. 

In addition, SDS-PAGE analysis of the soluble and insoluble fraction of exude cell 
extracts from E. coli Rosetta (DE3) pET26JM4aEl 1 was conducted. Cells from a culture 
induced with 100 jiM IPTG and harvested 4 h and 20h after induction were lysed by 

1 5 ultrasonication and separated into soluble and insoluble fraction by centrifugation. 
Sample buffo- was added and directly comparable amounts of soluble and insoluble 
fractions woe applied to a 4-12% acryl amide gradient gel, which was stained with 
Coomassie Brilliant Blue R250. The results of this analysis of the solubility revealed that 
M4aEl 1 is partially (estimated 80%) soluble. The screening of the library M091 was 

20 completed. 

Thus, in total nine different "GDSL"-type esterases were identified in 6 different 
large insert metagenomic libraries and the esterases/lipases BRAIN'S library comprising 
more than 43 Gbp. Eight of these genes were heterologously expressed in E. colL The 
resulting enzyme samples of seven clones were characterized for the desired perhydrolase 
25 activity. Two of the enzymes displayed this activity. Table 3 summarizes the screening, 
expression and characterization of the metagenomic "GDSL"-type esterases. 
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Table 3: Expression and Characterization of Metagenomic "GDSL"-Type Esterases 



GDSL-type 


Homology 1 


Expression 2 


Solubility 3 Activity 4 


Peihydiolase 


Esterase 




Level 






■Activity 


S248 M2bBll 


12.9% 


++ 


+ 


136 




S248 M40cD4 


14.8% 


+++ 


++ 


50 


> 


S248 M44aA5 


12.4% 


-H-+ 


++ 


75 


-/+ 


S261 M2aA12 


36.9% 


++ 


++ 


72 


+ 7 


S279 M70aE8 


11.9% 


+++ 


+ 


167 




•i S279 M75bA2 


5.7% 


n.d s . 


iLd. 


n.d 


n.d. 5 


M091 M4aEll 


33.9% 


+++ 


++ 


125 


n.d. 


Estl05 


43% 


+-H- 






n.d. 


Estll4 


7.8% 


n.d. 


n.d. 


13 





identity to the prototype enzyme from M. smegmatis calculated with the dialign 
algorithm (Morgenstern et al., 1 996) ... 

2 expression level: + moderate overexpression; ++ strong overexpression; +++ 
5 very 

strong overexpression as judged from SDS-PAGE-analysis 

3 as judged by SDS-PAGE-analysis 

4 towards j>nitrophenyi butyrate; given as nmol/(ml x min) 

5 not detennined 

1 0 *perhydrolysis activity 2x background 

perhydrolase activity more than 2x background 



15 Engineering of the Perhydrolase 

Based on the structure of the perhydrolase, residues which may alter substrate 
specificity (e.g., Km, kcat, Vmax, chain length, etc.) and or the multimeric nature of the 
protein were identified However, it is not intended that the present invention be limited 
to any particular residues. Nonetheless, site saturation libraries of residues D10, L12, 
20 T13, W14, W16, S54, A55, N94, K97, Y99, P146, W149, F150, 1194, F196, are 

constructed, as well as combinatorial libraries of residues: E51 A, Y73A, H81D, T127Q 
and single mutations of the active site residues D192A, H195A and a site saturation 
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library of the conserved D95. Methods for production of such libraries are known to 
those skilled in the art and include commercially available kits as the Stratagem 
Quikchange™ Site-directed mutagenesis kit and/or Quikchange™ Mi3ti-Site<Krected 
mutagenesis kit 

5 

Perhydrolase Activity 

The use of enzymes obtained from microorganisms is long-standing. Indeed there 
are numerous biocatalysts known in die art For example, U.S. Patent No, 5,240,835 
(herein incorporated by reference) provides a description of the transacyiase activity of 

10 obtained from C. oxydans and its production. In addition, U.S. Patent No, 3323,070 
(herein incorporated by reference) provides a description of a Corynebacterium that 
produces certain fatty acids from an n-paraffin. U.S. Patent No. 4,594,324 (herein 
incorporated by reference) provides a description of a Methylcoccus capsulatus that 
oxidizes alkenes. Additional biocatalysts are known in the art (See eg., U.S. Patent Nos. 

1 5 4,008,125 and 4,41 5,657; both of which are herein incorporated by reference). EP 0 280 
232 describes the use of a G oxydans enzyme in a reaction between a diol and an ester of 
acetic acid to produce monoacetate. Additional references describe the use of a G 
oxydans enzyme to make chiral hydroxycarboxylic acid from a prochiral diol. Additional 
details regarding the activity of the G oxydans transacyiase as well as the culture of G 

20 oxydans, preparation and purification of the enzyme are provided by U.S. Patent No. 

5,240,835 (incorporated by reference, as indicated above). Thus, the transesterification 
capabilities of this enzyme, using mostly acetic acid esters were known. However, the 
determination that this enzyme could carry out perhydrolysis reaction was quite 
unexpected. It was even more surprising that these enzymes exhibit very high 

25 efficiencies in perhydrolysis reactions. For examples, in the presence of tributyrin and 
water, the enzyme acts to produce butyric add, while in the presence of tributyrin, water 
and hydrogen peroxide, the enzyme acts to produce mostly peracetic acid and very litde 
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butyric acid This higji perhydrolysis to hydrolysis ratio is a unique property exhibited by 
the perhydrolase class of enzymes of the present invention and is a unique characteristic 
that is not exhibited by previously described lipases, cutinases, nor esterases. 
Hie perhydrolase of the present invention is active over a wide pH and 
5 temperature range and accepts a wide range of substrates for acyl transfer. Acceptors 

include water (hydrolysis), hydrogen peroxide (perhydrolysis) and alcohols (classical acyl 
transfer). For perhydrolysis measurements, enzyme is incubated in a buffer of choice at a 
specified temperature with a substrate ester in the presence of hydrogen peroxide. 
Typical substrates used to measure perhydrolysis include esters such as ethyl acetate, 

10 triacetin, tributyrin, ethoxyiated neodol acetate esters, and others. In addition, fee wild 
type enzyme hydrolyzes nitrophenyiesters of short chain acids. The latter are convenient 
substrates to measure enzyme concentration. Peracid and acetic acid can be measured by 
the assays described herein. Nitrophenylester hydrolysis is also described 

Although the primary example used during the development of the present 

1 5 invention is the M. smegmatis perhydrolase, any perhydrolase obtained from any source 
which converts the ester into mostly peracids in the presence of hydrogen peroxide finds 
use in the present invention. 

Substrates 

20 In some preferred embodiments of the present invention, esters comprising 

aliphatic and/or aromatic carboxylic acids and alcohols are utilized with the perhydrolase 
enzymes of the present invention. In some preferred embodiments, fee substrates are 
selected from one or more of the following: formic acid, acetic acid, propionic acid, 
butyric acid, valeric acid, caproic acid, capryiic acid, nonanoic acid, decanoic acid, 

25 dodecanoic acid, myristic acid, palmitic arid, stearic acid, and oleic acid. In additional 
embodiments, triacetin, tributyrin, neodol esters, and/or ethoxyiated neodol esters serve 
as acyl donors for peracid formation. 
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Cleaning and Detergent Formulations 

The detegent compositions of the present invention are provided in any suitable 
form, including for example, as a liquid diluent, in granules, in emulsions, in gels, and 
5 pastes. When a solid detergent composition is employed, the detergent is preferably 

formulated as granules. Preferably, the granules are formulated to additionally contain a 
protecting agent (See e.g., U.S. Appln. Ser. No. 07/642,669 filed January 17, 1991, 
incorporated herein by reference). Likewise, in some embodiments, the granules are 
formulated so as to contain materials to reduce the rate of dissolution of the granule into 
10 the wash medium (See e.g. 9 U.S. Patent No. 5,254,283, incorporated herein by reference 
in its entirety), hi addition, the perhydrolase enzymes of the present invention find use in 
formulations in which substrate and enzyme are present in the same granule. Thus, in 
some embodiments, the efficacy of the enzyme is increased by the provision of high local 
concentrations of enzyme and substrate (See e.g., U.S. Patent Application Publication 
15 US2003/0191033, herein incorporated by reference). 

Many of the protein variants of die present invention are useful in formulating 
various detergent compositions. A number of known compounds are suitable surfactants 
useful in compositions comprising the protein mutants of the invention. These include 
nonioniCi anionic, cationic, anionic or zwitterionic detergents (See e.g., U.S. Patent Nos 
20 4,404,128 and 4,261,868). A suitable detergent formulation is that described in U.S. 

Patent No. 5,204,01 5 (previously incorporated by reference). Those in the art are familiar 
with the different formulations which find use as cleaning compositions. As indicated 
above, in some preferred embodiments, the detergent compositions of the present 
invention employ a surface active agent (Le. 9 surfactant) including anionic, non-ionic and 
25 ampholyte surfactants well known for their use in detergent compositions. Some 
surfactants suitable for use in the present invention are described in British Patent 
Application No. 2 094 826 A, incorporated herein by reference. In some embodiments, 
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mixtures sur&ctants are used in the present invention. 

Suitable anionic surfactants for use in the detergent composition of the present 
invention include linear or branched alkylbenzene sulfonates; alkyi or alkenyl ether 
sulfites having linear or branched alkyi groups or alkenyl groups; alkyi or alkenyl 
5 sulfates; olefin sulfonates; alkane sulfonates and the like. Suitable counter ions for 

anionic sur&ctants include alkali metal ions such as sodium and potassium; alkaline earth 
metal ions such as calcium and magnesium; ammonium ion; and alkanolamines having 1 
to 3 alkanol groups of caibon number 2 or 3. 

Ampholyte surfactants that find use in the present invention include quaternary 
10 ammonium salt sulfonates, betaine-type ampholytic surfactants, and the like. Such 

ampholytic surfactants have both the positive and negative charged groups in the same 
molecule. 

Nonionic sur&ctants that find use in the present invention generally comprise 
polyoxyalkylene ethers, as well as higher fatty add alkanolamides or alkyi ene oxide 

1 5 adduct thereof, fatty acid glycerine monoesters, and the like. 

In some preferred embodiments, the surfactant or surfactant mixture included in 
the detergent compositions of the present invention is provided in an amount from about 
1 weight percent to about 95 weight percent of the total detergent composition and 
preferably from about 5 weight percent to about 45 weight percent of the total detergent 

20 composition. In various embodiments, numerous other components are included in die 
compositions of the present invention. Many of these are described below. It is not 
intended that the present invention be limited to these specific examples. Indeed, it is 
contemplated that additional compounds will find use in the present invention. The 
descriptions below merely illustrate some optional components. 

25 Proteins, particularly the perhydrolase of the present invention can be formulated 

into known powdered and liquid detergents having pH between 3 and 12.0, at levels of 
about .001 to about 5% (preferably 0.1% to 0 5%) by weight In some embodiments, 
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these detergent cleaning compositions further include other enzymes such as proteases, 
amylases, mannanases, peroxidases, oxido reductases, cellulases, lipases, cutinases, 
pectinases, pectin lyases, xyianases, and/or endoglycosidases, as well dTbuiktes and 
stabilizers, 

5 In addition to typical cleaning compositions, it is readily understood that 

perhydrolase variants of the present invention find use in any purpose that the native or 
wild-type enzyme is used. Thus, such variants can be used, for example, in bar and liquid 
soap applications, dishcare formulations, surface cleaning applications, contact lens 
cleaning solutions or products, , waste treatment, textile applications, pulp-bleaching, 

10 disinfectants, skin care, oral care, hair care, etc. indeed, it is not intended that any 

variants of the perhydrolase of the presort invention be limited to any particular use. For 
example, the variant pahydrolases of the present invention may comprise, in addition to 
decreased allergenicity, enhanced performance in a detergent composition (as compared 
to the wild-type or unmodified perhydrolase). 

15 The addition of proteins to conventional cleaning compositions does not create 

any special use limitations. In other words, any temperature and pH suitable for the 
detergent are also suitable for the present compositions, as long as the pH is within die 
range in which the enzyme(s) is/are active, and the temperature is below the described 
protein's denaturing temperature. In addition, proteins of the invention find use in 

20 cleaning, bleaching, and disinfecting compositions without detergents, again either alone 
or in combination with a source of hydrogen peroxide, an ester substrate (e.g. t either 
added or inherent in the system utilized, such as with stains that contain esters, pulp that 
contains esters etc), other enzymes, surfactants, builders, stabilizers, etc. Indeed it is not 
intended that the present invention be limited to any particular formulation or application. 

25 

Substrata 



127 



PCTx A X9-2?w / ^82j.£m.38 PCTAJS2004/04O438 

GC821-2 ^ ^ 



In some preferred embodiments of the present invention, esters comprising 
aliphatic and/or aromatic caAoxylic acids and alcohols are utilized with the perhydrolase 
enzymes in the detergent formulations of the present invention* In some preferred 
embodiments, the substrates are selected from one or more of the following: formic acid, 
5 acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, caprylic acid, nonanoic 
acid, decanoic acid, dodecanoic acid, myristic acid, palmitic acid, stearic acid, and oleic 
acid. Thus, in some preferred embodiments, detergents comprising at least one 
perhydrolase, at least one hydrogen peroxide source, and at least one ester acid are 
provided. 

10 

Hyrimlasfts 

In addition to die periiydrolase described herein, various hydrolases find use in the 
present invention, including but not limited to caiboxyiate ester hydrolase, thioester 
hydrolase, phosphate monoester hydrolase, and phosphate diester hydrolase which act on 

1 5 ester bonds; a thioether hydrolase which acts on ether bonds; and a-amin<>-ac)4-peptide 

hydrolase, peptidyl-amino acid hydrolase, acyl-amino add hydrolase, dipeptide hydrolase, 
and peptidyl-peptide hydrolase which act on peptide bonds, all these enzymes having high 
perhydrolysis to hydrolysis ratios (eg., >1). Preferable among than are caiboxyiate ester 
hydrolase, and peptidyl-peptide hydrolase. Suitable hydrolases include: (1) proteases 

20 belonging to the peptidyl-peptide hydrolase class pepsin, pepsin B, rennin, tiypsin, 
chymotrypsin A, chymotrypsin B, elastase, enterokinase, cathepsin C, papain, 
chymopapain, ficin, thrombin, fibrinolysin, renin, subtilisin, aspergillopeptidase A, 
collagenase, clostridiopeptidase B, kallikrein, gastrisin, cathepsin D, bromelin, keratinase, 
chymotrypsin C, pepsin C, aspergillopeptidase B, urokinase, caiboxypeptidase A and B, 

25 and aminopeptidase); (2) caiboxyiate ester hydrolase including carboxyi esterase, lipase, 
pectin esterase, and chlorophyllase; and (3) enzymes having high perhydrolysis to 
hydrolysis ratios. Especially effective among them are lipases, as well as esterases that 
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exhibit high perhydrolysis to hydrolysis ratios, as well as protein engineered esterases, 
cutinases, and Upases, using the primary, secondary, tertiary, and/or quaternary structural 
features of the perhydrolases of the present invention. — 

The hydrolase is incorporated into the detergent composition as much as required 
according to the purpose. It should preferably be incorporated in an amount of 0.0001 to 
5 weight percent, and more preferably 0.02 to 3 weight percent,. This enzyme should be 
used in the form of granules made of crude enzyme alone or in combination with other 
enzymes and/or components in the detergent composition. Granules of crude enzyme are 
used in such an amount mat the purified enzyme is 0.001 to 50 weight percent in the 
granules. The granules are used in an amount of 0.002 to 20 and preferably 0.1 to 10 
weight percent In some embodiments, the granules are formulated so as to contain an 
enzyme protecting agent and a dissolution retardant material material that regulates 
the dissolution of granules during use). 

rvrtinnir Rurfenfantc and I rmg-Thain Putty Arid Salts 

Such canonic surfactants and long-chain fatty acid salts include saturated or fatty 
acid salts, alkyl or alkenvi ether carboxyhc acid salts, a-sulfofatty acid salts or esters, 
amino acid-type surfactants, phosphate ester surfactants, quaternary ammonium salts 
including those having 3 to 4 alkyl substituents and up to 1 phenyl substituted alkyl 
substituents. Suitable cationic surfactants and long-chain fatty acid salts include those 
disclosed in British Patent Application No. 2 094 826 A, the disclosure of which is 
incorporated herein by reference. The composition may contain from about 1 to about 20 
weight percent of such cationic surfactants and long-chain fatty acid salts. 



BmTders 

In some embodiments of the present invention, the composition contains from 
about 0 to about 50 weight percent of one or more builder components selected from the 
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group consisting of alkali metal salts and alkanolamine salts of the following compounds: 
phosphates, phosphonates, phosphonocarboxylates, salts of amino acids, - 
aminopolyacetates high molecular electrolytes, non-dissociating polymers, salts of 
dicarboxylic acids, and aluminosilicate salts. Examples of suitable divalent sequestering 
agents are disclosed in British Patent Application No. 2 094 826 A, the disclosuwof 
which is incorporated herein by reference. 

1 ' In additional embodiments, compositions of the present invention contain from 
about 1 to about 50 weight percent, preferably from about 5 to about 30 weight percent, 
based on the composition of one or more alkali metal salts of the following compounds as 
the alkalis or inorganic electrolytes: silicates, carbonates and sulfites as well as organic 
alkalis such as triethanolamine, diethanolamine, monoethanolamine and 
triisopropanolamine. 

Anfi-ReH«»pn<jitinn Agents 

In yet additional embodiments of the present invention, the compositions contain 
from about 0.1 to about 5 weight percent of one or more of the following compounds as 
antiredeposition agents: polyethylene glycol, polyvinyl alcohol, polyvinylpyrrolidone and 
carboxymethylcellulose. In some preferred embodiments, a combination of 
carboxymethyl-ceUulose and/or polyethylene glycol are utilized with the conuwsition of 
the present invention as useful dirt removing compositions. 

Rlfanhing Agents 

The use of tire perhydrolases of the present invention in combination with 
additional bleaching agent(s) such as sodium percarbonate, sodium perborate, sodium 
sulfate/hydrogen peroxide adduct and sodium chloride/hydrogen peroxide adduct and/or a 
photo-sensitive bleaching dye such as zinc or aluminum salt of sulfonated phthalocyanine 
further improves the detergent effects. In additional embodiments, the pemydrolases of 
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the present invention are used in combination with bleach boosters (e.g., TAED and/or 
NOBS). 

Rliring Agents and Fliiorescmt Dyes 
5 In some embodiments of the present invention, bluing agents and fluorescent 

dyes are incorporated in the composition. Examples of suitable bluing agents and 
fluorescent dyes are disclosed in British Patent Application No. 2 094 826 A, the 
disclosure of which is incorporated herein by reference. 

10 Pairing Tnhihitnrg 

In some embodiments of the present invention in which the composition is 
powdered or solid, caking inhibitors are incorporated in the composition. Examples of 
suitable caking inhibitors include p-toluenesulfonic acid salts, xyienesulfonic add salts, 
acetic acid salts, sulfosuccinic acid salts, talc, finely pulverized silica, day, calrium 
15 silicate (e.g. y Micro-Cell by Johns Manville Co.), caldum carbonate and magnesium 
oxide. 

Antioxidants 

The antioxidants include, for example, tert4>utyl-hydroxytoluene, 4,4 f - 
20 butylidenebis(6-tert-butyl-3-methylphenol), 2^'-butylidend)is(6^tert-butjd-4- 

methylphenol), monostyrenated cresol, distyrenated cresol, monostyrenated phenol, 
distyrenated phenol and 1 ,1 -bis(4-hydroxy-phenyi)cyclohexane. 

SnlnhiliTm 

25 In some embodiments, the compositions of the present invention also include 

solubilizers, including but not limited to lower alcohols (e.g., ethanol, benzenesulfonate 
salts, and lower alkyibenzenesulfonate salts such as p-toluenesulfonate salts), glycols 
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such as propylene glycol, acetyibenzene-sulfonate salts, acetamides, pyridinedirarbaxyhc 
acid amides, benzoate salts and urea. 

In some embodiments, the detergent composition of the presefltinvention are used 
in a broad pH range of from acidic to alkaline pH. In a preferred embodiment, the 

5 detergent composition of the present invention is used in mildly acidic, neutral or alkaline 
detergent wash media having a pH of from above 4 to no more than about 12. 

In addition to the ingredients described above, perfumes, buffers, preservatives, 
dyes and the like also find use with the present invention. These components are 
provided in concentrations and forms known to those in the art 

10 In some embodiments, the powdered detergent bases of the present invention are 

prepared by any known preparation methods including a spray-drying method and a 
granulation method Hie detergent base obtained particularly by the spray-drying method 
and/or spray-drying granulation method are preferred The detergent base obtained by the 
spray-drying method is not restricted with respect to preparation conditions. The 

1 5 detergent base obtained by the spray-drying method is hollow granules which are 

obtained by spraying an aqueous slurry of heat-resistant ingredients, such as surface 
active agents and builders, into a hot space. After the spray-drying, perfumes, enzymes, 
bleaching agents, inorganic alkaline builders may be added. With a highly dense, 
granular detergent base obtained such as by the spray-drying-granulation method, various 

20 ingredients may also be added after the preparation of the base. 

When the detergent base is a liquid, it may be either a homogeneous solution or an 
inhomogeneous dispersion. 

The detergent compositions of this invention may be incubated with fabric, for 
example soiled fabrics, in industrial and household uses at temperatures, reaction times 

25 and liquor ratios conventionally employed in these environments. The incubation 
conditions (Le., the conditions effective for treating materials with detergent 
compositions according to the presort invention), are readily ascertainable by those of 
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skill in the art. Accordingly, the appropriate conditions effective for treatment with the 
present detergents correspond to those using similar detergent compositions winch 
include wild-type perhydrolase. 

As indicated above, detergents according to the present invention may 
S additionally be formulated as a pre-wash in the appropriate solution at an intemediate pH * 
where sufficient activity exists to provide desired improvements softening, de pilling , 
pilling prevention, surface fiber removal or cleaning. When the detergent composition is • 
a pre-soak (e*g„ pre-wash or pre-treatment) composition, either as a liquid, spray, gel or 
paste composition, the perhydrolase enzyme is generally employed from about 0.00001% 

10 to about 5% weight percent based on the total weight of the pre-soak or pre-treatment 
composition. In such compositions, a surfactant may optionally be employed and when 
employed, is generally present at a concentration of from about 0.0005 to about 1 weight 
percent based on the total weight of die pre-soak. The remainder of the composition 
comprises conventional components used in the pre-soak (e.g., diluent, buffers, other 

1 5 enzymes (proteases), etc.) at their conventional concentrations. 

Cleaning Compositions Comprising Perhydrolase 

The cleaning compositions of the present invention may be advantageously 
employed for example, urlaundry appUcationsrhard surface cleaning, automatic 

20 dishwashing applications, as well as cosmetic applications such as dentures, teeth, hair 
and skin. However, due to the unique advantages of increased effectiveness in lower 
temperature solutions and the superior color-safety profile, the enzymes of the present 
invention are ideally suited for laundry applications such as the bleaching of fabrics. 
Furthermore, the enzymes of the present invention find use in both granular and liquid 

25 compositions. 

The enzymes of the present invention also find use in cleaning additive products. 
Cleaning additive products including the enzymes of the present invention are ideally 
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suited for inclusion in wash processes where additional bleaching effectiveness is desired 
Such instances include, but are not limited to low temperature solution cleaning 
applications. The additive product may be, in its simplest form, one or more of the 
enzymes of the present invention. Such additive may be packaged in dosage form for 
5 addition to a cleaning process where a source of peroxygen is employed and increased 
bleaching effectiveness is desired- Such single dosage form may comprise a pill, tablet, 
gelcap or other single dosage unit such as pre-measured powders or liquids. A filler or 
earner material may be included to increase the volume of such composition- Suitable 
filler or carrier materials include, but are not limited to, various salts of sulfate, carbonate 

10 and silicate as well as talc, clay and the like. Filler or carrier materials for liquid 

compositions may be water or low molecular weight primary and secondary alcohols 
including polyols and diols. Examples of such alcohols include, but are not limited to^ 
methanol, ethanol, propanol and isopropanol. The compositions* may contain from about 
5% to about 90% of such materials. Acidic fillers can be used to reduce pH. . 

1 5 Alternatively, the cleaning additive may include activated peroxygen source defined 
below or the adjunct ingredients as defined below. 

The cleaning compositions and cleaning additives of the present invention require 
an effective amount of the enzymes provided by the present invention: The required level 
of enzyme may be achieved by the addition of one or more species of the A£ smegmatis 

20 perhydrolase, variants, homologues, and/or other enzymes or enzyme fragments having 
the activity of the enzymes of the present invention. Typically, the cleaning compositions 
of the present invention comprise at least 0.0001 weight percent, from about 0.0001 to 
about 1, from about 0.001 to about 0.5, or even from about 0.01 to about 0.1 weight 
percent of at least one enzyme of the present invention. 

25 In some embodiments, the cleaning compositions of the present invention 

comprise a material selected from the group consisting of a peroxygen source, hydrogen 
peroxide and mixtures thereof, said peroxygen source being selected from the group 
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consisting of: 

0 from about 0.01 to about 50, from about 0.1 to about 20, or even from 
about 1 to 10 weight percent of a per-salt, an organic peroxyacid, urealbydrogen peroxide 
and mixtures thereof 

5 00 from about 0.01 to about 50, from about 0.1 to about 20, or even from 

about 1 to 10 weight percent of a carbohydrate and from about 0.0001 to about 1, from 
about 0.001 to about 0.5, from about 0.01 to about 0.1 weight percent carbohydrate 
oxidase; and 

(iii) mixtures thereof 
10 Suitable par-salts include those selected from the group consisting of aOcalimetal 

perborate, alkalimetal percarbonate, aOcalimetal perphosphates, alkalimetal persulphates 
and mixtures thereof 

The carbohydrate may be selected from the group consisting of mono- 
carbohydrates, di-carbohydrates, tri-carbohydrates, oligo-carbohydrates and mixtures 
15 thereof Suitable carbohydrates include carbohydrates selected from the group consisting 
of D-arabinose, I^arabinose, D-Cellobiose, 2-Deoxy-D-galactose, 2-Deoxy-D-ribose, D- 
Fructose, L-Fucose, D-Galactose, D-glucose, D-glycero-D-gulo-heptose, D-lactose, D- 
Lyxose, L-Lyxose, D-Maltose, D-Mannose, Melezitose, L-Melibiose, Palatinose, D- 
Raffinose, L-Rhamnose, D-Ribose, L-Sorbose, Stachyose, Sucrose, D-Trehalose, D- 
20 Xylose, LrXylose and mixtures thereof 

Suitable carbohydrate oxidases include carbohydrate oxidases selected from the 
group consisting of aldose oxidase (TUPAC classification EC1. 1.3.9), galactose oxidase 
(IUPAC classification EC1.1.3.9), odlobiose oxidase (IUPAC classification EC1.1.3.25), 
pyranose oxidase (IUPAC classification EC1.1.3.10), sorbose oxidase (IUPAC 
25 classification EC1 .1 .3. 1 1) and/or hexose oxidase (IUPAC classification EC1 . 1 3S), 
Glucose oxidase (IUPAC classification EC1. 1.3.4) and mixtures thereof 

In some preferred embodiments, the cleaning compositions of the present 
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invention also include from about 0.01 to about 99.9, from about 0.01 to about 50, from 
about 0.1 to 20, or even from about 1 to about IS weight percent a molecule comprising 
an ester moiety. Suitable molecules comprising an ester moiety may have the formula: 

5 R'OkRR^tfMp 

wherein R 1 is a moiety selected from the group consisting of H or a substituted or 
unsubstituted alkyi, heteroalkyi, alkenyi, alkynyl, aryl, alkylsryl, alkyiheteroaryl, and 
heteroaryl; in one aspect of the present invention, R 1 may comprise from 1 to 50,000 
10 caibon atoms, fiom 1 to 10,000 carbon atoms, or even from 2 to 100 caibon atoms; 

each R 2 is an alkoxylate moiety, in one aspect of the present invention, each R 2 is 
independently an ethoxylate, propoxylate or butoxylate moiety; 
R 3 is an ester-forming moiety having the formula; 

R 4 CO- wherein R 4 may be H, substituted or unsubstituted alkyi, alkenyi, 
15 alkynyl, aryl, alkylaryl, alkyiheteroaryl, and heteroaryl, in one aspect of the 

present invention, R 4 may be substituted or unsubstituted alkyi, alkenyi, 
alkynyl, moiety comprising fiom 1 to 22 carbon atoms, an axyU alkylaryl, 
alkyiheteroaryl, or heteroaryi moiety comprising from 4 to 22 carbon . 
atoms or R 4 may be a substituted or unsubstituted C1-C22 alkyi moiety or 
20 R 4 may be a substituted or unsubstituted C1-C12 alkyi moiety; 

xis 1 whenR 1 is H; when R l is not H, x is an integer that is equal to or 

less than the number of carbons in R ! 

p is an integer that is equal to or less than x 

m is an integer from 0 to 50, an integer from 0 to 18, or an integer from 0 
25 to 12, and n is at least 1. 

In one aspect of the present invention, the molecule comprising an ester moiety is 
an alkyi ethoxylate or propoxylate having the formula R? OxtCR^CR 3 )^ wherein: 



136 



pct/ WOJ^/056782q 1 | w3S PCT/US2004/040438 
GC821-2 r) O; 



R 1 is an C2-C32 substituted or unsubstituted alkyi or heteroalkyi moiety; 
each R 2 is independently an ethoxyiate or propoxylate moiety; 
R 3 is an ester-forming moiety having the formula: -~~ 
R 4 CO wherein R 4 may be H, substituted or unsubstituted alkyi, alkenyi, 
5 alkynyl, aryl, alkylaryl, alkyiheteroaryi, and heteroaryl, in one aspect of the 

present invention, R 4 may be a substituted or unsubstituted alkyi, alkenyi, 
or alkynyl moiety comprising from 1 to 22 caibon atoms, a substituted or 
unsubstituted aryl, alkylaryl, alkyiheteroaryi, or heteroaryl moiety 
comprising from 4 to 22 caibon atoms or R 4 may be a substituted or 
10 unsubstituted C1-C22 alkyi moiety or R 4 may be a substituted or . 

unsubstituted Ci-Ci2 alkyi moiety; 

x is an integer that is equal to or less than the number of carbons in R 1 
p is an integer that is equal to or less than x 
mis an integer from 1 to 12, and 
15 n is at least L 

In one aspect of the present invention, the molecule comprising the ester moiety 
has the formula: 

r'okrVr^Jp 

20 wherein R 1 is H or a moiety that comprises a primary, secondary, tertiary or 

quaternary amine moiety, said R 1 moiety that comprises an amine moiety being selected 
from the group consisting of a substituted or unsubstituted alkyi, hetero alkyi, alkenyi, 
alkynyl, aryl, alkyiaryi, alkylheteroaryi, and heteroaryl; in one aspect of Applicants' 
invention R 1 may comprise from 1 to 50,000 carbon atoms, from 1 to 10,000 carbon 

25 atoms, or even from 2 to 100 carbon atoms; 

each R is an alkoxyiate moiety, in one aspect of the present invention each R is 
independently an ethoxyiate, propoxylate or butoxylate moiety, 
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R 3 is an ester-forming moiety having the formula: 

R 4 CO wherein R 4 may be H, substituted or unsubstituted alkyi, 
alkenyi, alkynyi, aryl, alkylaryi, alkylheteroaryCand heteroaiyl, in 
one aspect of the present invention, R 4 may be a substituted or 
5 unsubstituted alkyi, alkenyi, or alkynyi moiety comprising from 1 

to 22 carbon atoms, a substituted or unsubstituted aryl, alkyiaiyl, 
alkylheteroaiyi, or heteroaryl moiety comprising fiom 4 to 22 
carbon atoms or R 4 may be a substituted or unsubstituted C1-C22 
alkyi moiety or R 4 may be a substituted or unsubstituted C1-C12 
10 alkyi moiety; 

x is 1 when R 1 is H; when R 1 is not H, x is an integer that is equal to or 
less than the number of carbons in R 1 . ... 

p is an integer that is equal to or less than x 
m is an integer from 0 to 12 or even 1 to 12, and 
15 n is at least 1. 

In any of the aforementioned aspects of the present invention, the molecule 
comprising an ester moiety may have a weight average molecular weight of less than 
600 ,000 Daltons, less than 300,000 Daltons^ lessthan 100,000 Daltons or even less than 
60,000 Daltons. 

20 Suitable molecules that comprise an ester moiety include polycaibohydrates that 

comprise an ester moiety. 

The cleaning compositions provided herein will typically be formulated such that, 
during use in aqueous cleaning operations, the wash water will have a pH of from about 
5.0 to about 1 1 .5, or even from about 7.5 to about 10.5. Liquid product formulations are 

25 typically formulated to have a pH from about 3.0 and about 9.0. Granular laundry 

products are typically formulated to have a pH from about 9 to about 11. Techniques for 
controlling pH at recommended usage levels include the use of buffers, alkalis, acids, 
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etc., and are well known to those skilled in the art 

When the enzyme(s) of the present invention is/are employed in a granular 
composition or liquid, it maybe desirable for the enzyme(s) to be in the form of an 
encapsulated particle to protect such enzyme from other components of the granular 
5 composition during storage. In addition, encapsulation is also a means of controlling the 
availability of the enzyme(s) during die cleaning process and may enhance performance 
of the enzyme(s). In this regard, the enzyme(s) maybe encapsulated with any 
encapsulating material known in the art 

The encapsulating material typically encapsulates at least part of die enzyme(s). 

10 Typically, die encapsulating material is water-soluble and/or water-dispersible. The 
encapsulating material may have a glass transition temperature (Tg) of 0°C or higher. 
Glass transition temperature is described in more detail in WO 97/1 1 151, especially from 
page 6, line 25 to page 7, line 2. 

The encapsulating material may be selected from the group consisting of 

1 5 carbohydrates, natural or synthetic gums, chitin and chitosan, cellulose and cellulose 

derivatives, silicates, phosphates, borates, polyvinyl alcohol, polyethylene glycol, paraffin 
waxes and combinations thereof When the encapsulating material is a carbohydrate, it 
may be typically selected from the group consisting of monosaccharides, 
oligosaccharides, polysaccharides, and combinations thereof. Typically, the 

20 encapsulating material is a starch Suitable starches are described in EP 0 922 499; US 
4,977,252; US 5,354,559 and US 5,935,826. 

The encapsulating material may be a microsphere made from plastic such as 
thermoplastics, acryionitrile, methaoylonitrile, polyaoryionitrile, polymethacrylonitrile 
and mixtures thereof; commercially available microspheres that can be used are those 

25 supplied by Expancel of Stockviksverken, Sweden undo: the trademark EXPANCEL®, 
and those supplied by PQ Corp. of Valley Forge, Pennsylvania U.SA. undo- the 
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tradename PM 6545, PM 6550, PM 7220, PM 7228, EXTENDOSPHERES®, LUXSIL®, 
Q-CEL® and SPHERICEL®. 

PmfiffiSffi of Making and Using thft ripamng r^mnngiHnng nf 

5 the Present Tnvmrinn 

The cleaning compositions of the present invention can be formulated into any 
suitable form and prepared by any process chosen by the formulator, non-limiting 
examples of which are described in U.S. 5,879,584; U.S. 5,691,297; U.S. 5,574,005; U.S. 
5,569,645; U.S: 5,565,422 Del Greco et aL; U.S. 5,516,448; U.S. 5,489,392; and U.S. 
10 5,486,303; all of which are incorporated herein by reference. 

Ariiiiiirt Materials In Addition tn th<* Enzymes ****** Eres£nt T "y^^», Tryfl rrcfTI 
Pf rnxidf . anrtfar Hydrogen Pfirovidp Source Material Comprising °" Ester 

Mnipty 

1 5 While not essential for the purposes of the present invention, fee non-limiting list 

of adjuncts illustrated hereinafter are suitable for use in the instant cleaning compositions 
and maybe desirably incorporated in certain embodiments of the invention, for example 
to assist or enhance cleaning performance, for treatment of the substrate to be cleaned, or 
to modify the aesthetics of the cleaning composition as is the case with perfumes, 

20 colorants, dyes or the like. It is understood that such adjuncts are in addition to the 

enzymes of the present invention, hydrogen peroxide and/or hydrogen peroxide source 
and material comprising an ester moiety. The precise nature of these additional 
components, and levels of incorporation thereof will depend on the physical form of the 
composition and the nature of the cleaning operation for which it is to be used. Suitable 

25 adjunct materials include, but are not limited to, surfactants, builders, chelating agents, 
dye transfer inhibiting agents, deposition aids, dispersants, additional enzymes, and 
enzyme stabilizers, catalytic materials, bleach activators, bleach boosters, preformed 
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perarids, polymeric dispersing agents, day soil removal/anti-redeposition agents, 
brigbteners, suds suppressors, dyes, perfumes, structure elasticizing agents, fabric 
softeners, carriers, hydro tropes, processing aids and/or pigments. In addition to die 
disclosure below, suitable examples of such other adjuncts and levels of use are found in 
5 U.S. Patent Nos. 5,576,282, 6,306,812, and 6,326,348, herein incorporated by reference. 
The aforementioned adjunct ingredients may constitute the balance of the cleaning 
compositions of the present invention. 

Surfactants - The cleaning compositions according to the present invention may 
comprise a surfactant or surfactant system wherein the surfactant can be selected from 

10 nonionic surfactants, anionic surfactants, cationic surfactants, ampholytic surfactants, 
zwitterionic surfactants, semi-polar nonionic surfactants and mixtures thereof 

The surfactant is typically present at a level of from about 0.1% to about 60%, 
from about 1% to about 50% or even from about 5% to about 40% by weight of the 
subject cleaning composition. 

1 5 Builders - The cleaning compositions of the present invention may comprise one 
or more detergent builders or builder systems. When a builder is used, the subject 
cleaning composition will typically comprise at least about 1 %, from about 3% to about 
60% or even from about 5% to about 40% builder by weight of the subject cleaning 
composition. 

20 Builders include, but are not limited to, the alkali metal, ammonium and 

alkanolammonium salts of polyphosphates, alkali metal silicates, alkaline earth and alkali 
metal carbonates, aluminosilicate builders polycarboxylate compounds, ether 
hydroxypolycarboxylates, copolymers of maleic anhydride with ethylene or vinyl methyl 
ether, 1, 3, 5-trihydroxy benzene-2, 4, 6-trisulphonic acid, and carboxymethyioxysuccinic 

25 acid, the various alkali metal, ammonium and substituted ammonium salts of polyacetic 
acids such as ethyl enediamine tetraacetic acid and nitrilotriacetic acid, as well as 
polycarboxyiates such as mellitic acid, succinic add, citric acid, oxydi succinic add, 



141 



p C ^W(n005^56782|4.OM-3B m ? PCT/US2004/04O438 
GC821-2 Q ^ 



polymaleic acid, benzene 1,3,5-tricaiboxyiic add, caiboxymethyioxysuccinic add, and 
soluble salts thereof 

Chelating Agmts - The cleaning compositions herein may contain a chelating 
agent, Suitable chelating agents include copper, iron and/or manganese chdating agents 
5 and mixtures thereof 

When a chdating agent is used, the cleaning composition may comprise from 
about 0.1% to about 15% or even from about 3.0% to about 10% chelating agent by 
wdght of the subject cleaning composition. 

Deposition Aid - The cleaning compositions herein may contain a deposition aid 
1 0 Suitable deposition aids include, polyethylene glycol, polypropylene glycol, 

polycarboxylate, soil release polymers such as polytelephthalic add, clays such as 
Kaolinite, montmorillonite, atapulgite, illite, bentonite, halloysite, and mixtures thereof 

Dye Transfer Inhibiting Agents - The cleaning compositions of the present 
invention may also include one or more dye transfer inhibiting agents. Suitable 
1 5 polymeric dye transfer inhibiting agents include, but are not limited to, 

polyvinylpyrrolidone polymers, polyamine N-oxide polymers, copolymers of N- 
vinylpytrolidone and N-vinylimidazole, polyvinyloxazolidones and polyvinylimidazoles 
or mixtures thereof 

When present in a subject cleaning composition, the dye transfer inhibiting agents 
20 may be present at levels from about 0.0001% to about 10%, from about 0.01% to about 
5% or even from about 0.1% to about 3% by wdght of the cleaning composition. 

Dispfirsants - The cleaning compositions of the present invention can also contain 
dispersants. Suitable water-soluble organic materials include the homo- or co-polymeric 
adds or their salts, in which the polycarboxyiic add comprises at least two carboxyi 
25 radicals separated from each other by not more than two carbon atoms. 

EnTymes - The cleaning compositions can comprise one or more detergent 
enzymes which provide cleaning performance and/or fabric care benefits. Examples of 
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suitable enzymes include, but are not limited to, hemicellulases, peroxidases, proteases, 
cellulases, xylanases, lipases, phospholipases, esterases, cutinases, pectinases, 
keratinases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, 
pullulanases, tannases, pentosanases, malanases, B-glucanases, arabinosidases, 
5 hyaluronidase, diondroitinase, laccase, and amylases, or mixtures thereof A typical 

combination is cocktail of conventional applicable enzymes like protease, lipase, cntinase 
and/or ce&ulase in conjunction with amylase. 

Enzymfi Stabilizers - Enzymes for use in detergents can be stabilized by various 
techniques. TTie enzymes employed herein can be stabilized by the presence of water- 
1 0 soluble sources of calcium and/or magnesium ions in the finished compositions that 
provide such ions to the enzymes. 

Catalytic Metal Cnmplnxfts - The cleaning compositions of the present invention 
may include catalytic metal complexes. One type of metal-containing bleach catalyst is a 
catalyst system comprising a transition metal cation of defined bleach catalytic activity, 
15 such as copper, iron, titanium, ruthenium, tungsten, molybdenum, or manganese cations, 
an auxiliary metal cation having little or no bleach catalytic activity, such as zinc or 
aluminum cations, and a sequestrate having defined stability constants for the catalytic 
and auxiliary metal cations, particularly ethylenediaminetetraacetic acid, 
ethylenediaminetetra (methylenephosphonic acid) and water-soluble salts thereof Such 
20 catalysts are disclosed in U.S. 4,430,243. 

If desired, the compositions herein can be catalyzed by means of a manganese 
compound. Such compounds and levels of use are well known in the art and include, for 
example, the manganese-based catalysts disclosed in U.S. 5,576,282. 

Cobalt bleach catalysts useful herein are known, and are described, for example, 
25 in U.S. 5,597,936; and U.S. 5,595,967. Such cobalt catalysts are readily prepared by 
known procedures, such as taught for example in U.S. 5,597,936, and U.S. 5,595,967. 
Compositions herein may also suitably include a transition metal complex of a 
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macropolycyclic rigid Kgand - abreviated as "MRI/\ As a practical matte, and not by 
way of limitation, the compositions and cleaning processes herein can be adjusted to 
provide on the order of at least one part per hundred million of the active MRL species in 
the aqueous washing medium, and will preferably provide from about 0.005 ppm to about 
5 25 ppm, more preferably from about 0.05 ppm to about 10 ppm, and most preferably from 
about 0.1 ppm to about 5 ppm, of the MRL in the wash liquor. 

Preferred transition-metals in the instant transition-metal bleach catalyst include 
manganese, iron and chromium. Preferred MRL's herein are a special type of ultra-rigid 
ligand that is cross-bridged such as 5, 1 2-diethyi- 1 ,5,8, 1 2-tetraazabicyclo[6.6.2] 
10 hexadecane. 

Suitable transition metal MRLs are readily prepared by known procedures, such as 
taught for example in WO 00/332601, and U.S. 6,225,464. 

Method nfTTgg 

1 5 The cleaning compositions disclosed herein of can be used to clean a situs inter 

alia a surface or fabric. Typically at least a portion of the situs is contacted with an 
embodiment of Applicants' cleaning composition, in neat form or diluted in a wash 
liquor, and then the situs is optionally washed and/or rinsed. For purposes of the present 
invention, washing includes but is not limited to, scrubbing, and mechanical agitation. 

20 The fabric may comprise most any fabric capable of being laundered in normal consumer 
use conditions. The disclosed cleaning compositions are typically employed at 
concentrations of from about 500 ppm to about 15,000 ppm in solution. When die wash 
solvent is water, the water temperature typically ranges from about 5 °C to about 90 °C 
and, when the situs comprises a fabric, the water to fabric mass ratio is typically from 

25 about 1:1 to about 30:1. 

EXPERIMENTAL 

The following examples are provided in order to demonstrate and further illustrate 
certain preferred embodiments and aspects of the present invention and are not to be 
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construed as limiting the scope thereof 

In the experimental disclosure winch follows, the following abbreviations apply: 
°C (degrees Centigrade); rpm (revolutions per minute); H2O (water); HQ (hydrochloric 
acid); aa (amino acid); bp (base pair); kb (ldlobase pair); kD (kuodaltons); gm (grams); 
5 ug and ug (micrograms); mg (milligrams); ng (nanograms); ul and ul (microliters); ml 
(milliliters); mm (millimeters); nm (nanometers); urn and urn (micrometer); M (molar); 
mM (millimolar); uM and uM (micromolar); U (units); V (volts); MW (molecular 
weight); sec (seconds); min(s) (mmuteJmmutes); hr(s) (hourmours); MgCh (magnesium 
chloride); NaCl (sodium chloride); OD28O (optical density at 280 nm); OD«o (optical 
10 <^tyat6()0nm);PAGE(polyacryl^ 

(phosphate buffered saline [150 mM NaCl, 10 mM sodium phosphate buffer, pH 7.2]); 
SDS (sodium dodecyl sulfate); Tris (tris(hydroxvmemyl)aminomethane); TAED. 
(N.N^'NMetraawtylemylenem'amine); w/v (weight to volume); v/v (volume to volume); 
Per (perhydrolase); per (perhydrolase gene); Ms (M. smegmatis); MS (mass 
15 spectroscopy); BRAIN (BRAIN Biotechnology Research and Information Network, AG, 
Zwingenberg, Germany); TIGR (The Institute for Genomic Research, Rockvffle, MD); 
AATCC (American Association of Textile and Coloring Chemists); WFK (wflc 
Testgewebe GmbH, Bruggen-Bracht, Germany); Amersham (Amersham life Science, 
Inc. Arlington Heights, IL); ICN (ICN Pharmaceuticals, Inc., Costa Mesa, CA); Pierce 
(Pierce Biotechnology, Rockford, IL); Amicon (Ami con, Inc., Beverly, MA); ATCC 
(American Type Culture Collection, Manassas, VA); Amersham (Amersham Biosciences, 
Inc., Piscataway, NJ); Becton Dickinson (Becton Dickinson Labware, Lincoln Park, NJ); 
BioRad (BioRad, Richmond, CA); Clontech (CLONTECH Laboratories, Palo Alto, CA); 
Difco (Difco Laboratories, Detroit, MI); GD3CO BRL or Gibco BRL (Ufe Technologies, 
Inc., Gaithersburg, MD); Novagen (Novagen, Inc., Madison, WI); Qiagen (Qiagen, Inc., 
Valencia, CA); Invitrogen (Invitrogen Corp., Carlsbad, CA); Genaissance (Genaissance 
Pharmaceuticals, Inc., New Haven, CT); DNA 2.0 (DNA 2.0, Menlo Park, CA); MIDI 
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(MIDI Labs, Newark, DE) InvivoGen (InvivoGen, San Diego, CA); Sigma (Sigma 
Chemical Co., St Louis, MO); Sorvall (Sorvall Instruments, a subsidiary of DuPont Co., 
Biotechnology Systems, Wilmington, DE); Stratagene (Stratagene Cloning Systems, La 
Jolla, CA); Roche (Hoffinann La Roche, Inc., Nutley, NJ); Agilent (Agilent 
5 Tedinologies, Palo Alto, CA); Minolta (Konica Minolta, Ramsey, NJ); and Zeiss (Carl 
Zeiss, Lux, Thomwood, NY). • * 

In the following Examples, various media were used. "TS" medium (per liter) 
was prepared using Tryptone (16 g) (Difco), Soytone (4 g) (Difco), Casein hydrolysate 
(20g)(Sigma),K2HPO4(10g),aiiddH2O(tolL). Hie medium was sterilized by 

10 autoclaving. Thai, sterile glucose was added to 1.5% final concentration. Streptomyces 
ProducticHi Medium (per liter) was prepared using citric acid(EbO) (2.4 g), Biospringer 
yeast extract (6 g), (NH4)2S0 4 (2.4 g), MgS(V7 H2O (2.4 g), Mazu DF204 (5 ml), trace 
elements (5 ml). The pH was adjusted to 6.9 with NaOHL The medium was then 
autoclaved to sterilize. After sterilization, CaCh-2 H2O (2 mis of 100 mgfwl solution), 

15 KH2PO4 (200 ml of a 13% (w/v) solution at pH6.9), and 20 mis of a 50% gfucose 
solution were added to the medium. 

In these experiments, a spectrophotometer was used to measure the absorbance of 
the products formed after the completion of die reactions. A reflectometer was used to 
measure the reflectance of the swatches. Unless otherwise indicated, protein 

20 concentrations were estimated by Coomassie Plus (Pierce), using BS A as the standard. 



EXAMPLE 1 

25 Enzyme Analysis 

hi this Example, methods to assess enzyme purity and activity used in the 
subsequent Examples and throughout the present Specification are described. 
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Enzyme Activity Assay (pNB Assay) _ 

This activity was measured by hydrolysis of/Miitrophenylbutyrate. The reaction 
mixture was prepared by adding 10 ul of 100 mM /Miitrophenylbutyrate in 
5 dimethylsulfoxide to 990 ml of 1 00 mM Tris-Hd buffer, pH 8.0 containing 0. 1 % triton 
X-100. The background rate of hydrolysis was measured before the addition of enzyme 
at 410 nm. The reaction was initiated by the addition of 10 ul of enzyme to 990 ml of the 
reaction and die change of absorbance at 410 nm was measured at room temperate 
(~23°C). The background corrected results are reported as 8A4io/min/ml or 
10 5A4 1 o/min/mg protein, 

Transesterification 

Transesterification was measured by GC separation of products in buffered 
aqueous reactions. Reactions to measure ethyl acetate transesterification with propanol 

15 contained in 1 ml of 50 mM KP04, pH 7.0; 200 mM ethyl acetate, 200 mM 1 -propanol, 
and enzyme. Reactions to measure ethyl acetate transesterification with neopentyi glycol 
(NPG) contained in 1 ml of 50 mM KP04, pH 7.0; 303 mM ethyl acetate, 100 mM NPG, 
and enzyme. The reactions were incubated at the indicated temperatures and for the 
indicated times. Separations were preformed using a 30M FFAP column (Phenomenex). 

20 The inlet split ratio was approximately 1 :25, the injector was 250°C, head pressure of 1 0 
psi He, and detection was by FED at 250°C. The chromatography program was 40°C 
initial for 4 min, followed by a gradient of 1 5°CAnin to 1 80°C. Components eluted in the 
following order and were not quantified; ethyl acetate, ethyl alcohol, propyl acetate, 
propyl alcohol, acetic acid, NPG diacetate, NPG monoacetate, and NPG. 

25 

Perhydrolase Used in Crystallography Studies 

This perhydrolase preparation was used for crystallography studies. In addition, 
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unlabelled protein was grown and purified in similar manner. A 500 ml precultuieof E. 
coli BL2 1 (DE3)/pLysS/pMSATNcol -1 was grown in a baffled 2.8 L Fernbach flask on 
LB containing 100 ug/ml carbenicillin. After overnight culture at 37°C and 200 rpm on a 
rotary shaker, the cells were harvested by centrifugation and resuspended in M9 medium 
5 containing: glucose, 2 g/L; NazHPO^ 6 g/L; KHjPOa, 3 g/L; NH4CL 1 g/L; NaCL 0J> 
- g/L;tmamme,5nig/L;MgS04,2nnM;Ca^ 
MnS0 4 .H20, 30 mg/L; NaCl, 10 mg/L; FeSCVTrfcO, 1 mg/L; C0CI2.6H2O, 1 mg/L; 
ZnS04.7H20, 1 mg/L; CuS0 4 -5H20, 100 ug/L; HsBOa-SHzO, 100 ug/L; and 
NaMo0 4 «2H20, 100 ug/L; and supplemented with carbemcillm, 100 mg/L, The 
10 resuspended cells were used to inoculate six Fernbach flasks containing 500 ml each of 
M9 medium supplemented with carbenicillin (100 mg/L). The cultures were incubated at 
20«C and 200 rpm on a rotary shaker until the ODwo reached about 0.7 at which time 
100 mg/L of lysine, threonine, and phenylalanine and 50 mg/L of leucine, isoleucme, 
valine, and selenomethionine were added. After further incubation for 30 min, IPTG was 
15 added to a final concentration of 50 uM. The cultures were then incubated overnight 

(~15hr) and harvested by centrifugation The cell pellet was washed 2 times with-50 mM 
KPO4 buffer, pH 6.8. The yield was 28.5 gm wet weight of cells to which was added 1 1 4 
ml of 100 mM KPO4 buffer, pH 8.2 and 5 mg of DNase. This mixture was frozen at - 

80°C and thawed 2 times. 

20 The thawed cell suspension was lysed by disruption in a French pressure cell at 

20K psi. The unbroken cells and cell membrane material were sedimented by 
centrifugation at 100K times g for 1 hour. The supernatant crude extract, 128 ml (CE) 
was then placed in a 600 ml beaker and stirred for 10 minutes in a 55°C water bam to 
precipitate unstable proteins. After 10 min the beaker was stirred in ice water for 1 min 

25 followed by centrifugation at 1 5K times g for 15 min. The supernatant from this 

procedure, HT, contained 118 ml. The HT extract was then made 20% saturating in 
(NH4)2S04 by the slow addition of 12.7 g of <NH4>2S04. This was loaded onto a 10 cm 
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X 11.6 cm Fast Flow Phenyl Sepharose (Pharmacia) column equilibrated inlOO mM 
KP0 4 buffer, pH 6.8, containing 20% saturation (1 09 g/L) (NH^O*. After loading the 
extract the column was washed with 1 700 ml of starting buffer and eluted with a two step 
gradient The first step was a linear 1900 ml gradient from start buffer to the same buffer 

5 without (NHO2SO4, the second was a 500 ml elution with 1 00 mM KPO4, pH 6.8 

containing 5% EtOH. Active fractions, 241 ml, were pooled, diluted 100 % with water 
and loaded onto a 1 .6 mm X 1 6 mm Poros HQ strong anion exchange column 
equilibrated in 100 mM Tris-HCl, pH 7.6. After loading the extract, the column was 
washed with 5 column volumes of starting buffer. The protein was eluted with a 15 

10 column volume gradient from start buffer to start buffer co nt a ining 175 mM KCL The 

active fractions were pooled and concentrated using a Centriprep 30 (MHlipore) to 740 |iL 
Figure 6 provides a purification table showing the enzyme activity of the enzyme ofthe 
present invention through various steps in the purification process. 

The present application must be used to detennine the respective values of the 

15 parameters of the present invention. 

Unless otherwise noted, all component or composition levels are in reference to 
the active level of that component or composition, and are exclusive of impurities, for 
example, residual solvents or by-products, which may be present in commercially 
available sources. 

20 Enzyme components weights provided herein are based on total active protein. 

All percentages and ratios were calculated by weight unless otherwise indicated. All 
percentages and ratios were calculated based on the total composition unless otherwise 
indicated. 

25 

EXAMPLE 2 
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Determination of Ratio Between Peracid and Acid Formation 

In this Example, methods for determining the ratio of perhydrolysis to hydrolysis 
are described In particular, this Example provides methods for determining the ratio 
between peracid formation (i.e, perhydrolysis) and acid formation hydrolysis) 
5 resulting from enzyme activity on an ester substrate in the presence of peroxide in an 
aqueous system. 

A. Determination nf Pgrhyrirnlysfo tn Hydrolysis ttntin 

10 Preparation of Substrate 

The substrates were prepared as described herein. Ethyl acetate (EtOAc) and other 

water soluble esters were diluted in a desired buffer to a concentration of 10 mM of ester. 

Tributyrin and other water insoluble substrates were prepared by making substrate 

swatches. Polyester swatches were cut from non-dyed polyester fabric (Polycotton, PCW 
1 5 22) using a 5/8 inch punch and placed in a 24-well micro titer plate (Co star, Cell Culture 

Plate). The insoluble ester was diluted to 1 .03 M in hexane. Then, 10 (tL of the insoluble 

ester solution were then adsorbed onto die polyester swatch. 



Determination of Hydrolysis (GC Assay) 

20 The hydrolytic assay described below was used to determine the amount of 

substrate hydrolysis. In this assay, the assay solution was comprised of 50 mM potassium 
phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, and 20 mM 
potassium chloride in a total volume of 0.99ml and an amount of enzyme that would 
generate 20 nmoles of acetic acid per minute at 25°C. 

25 For measuring water insoluble ester hydrolysis, the reaction mixture was added to 

die insoluble ester fabric swatch. The swatch was prepared as described above 
(Preparation of Substrate"). All the other conditions for the assay were the same except 
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for exclusion of other ester substrates. 

Hydrolytic activity was measured by monitoring the increase of adds generated by 
the enzyme from acyl donor substrates using gas chromatography coupled with flame 
ionization detection. The assay was conducted by first pipetting 50 |iL of assay solution 
5 containing all die components except the enzyme into 200 mL of methanol (HPLC 

grade) to determine the amount of acid in the assay solution at time 0. Then, 10 pLof 
enzyme were added to the assay solution to a desired final concentration which produced 
approximately 20 nanomoles of acid per minute. A timer was started and 50 pL aliquots 
woe taken from the assay solution and added to 200 \sL of methanol at various times, 

10 typically 2, 5, 10, 15,25,40, and 60 minutes, after addition of the enzyme. 

These methanol-quenohed samples were then injected into a gas chromatograph 
coupled with a flame ionization detector (Agilent 6890N) and analyzed for hydrolytic 
components, acetic, and butyric acids. Gas chromatography was conducted using a 
nitroterephthalic acid modified polyethylene glycol column (Zebron FFAP; with 

1 5 dimensions: 30 m long, 250 urn diameter, 250 nm film thickness). A 3 pL aliquot of 

sample was applied to the column by a splitless injection under constant a helium flow of 
1 .0 mL/minute. The inlet was maintained at a temperature of 250 # C and was pinged of 
any remaining sample components after 2 minutes. When analyzing acetic add, the 
temperature of the column was maintained at 75"C for 1 minute after injection, increased 

20 25°C7minute to 1 00°C, then increased 1 5°C/minute to 200°C. 

When analyzing butyric acid, the temperature of the column was controlled as 
described above, except the temperature was additionally increased 25°C/minute to 
225°C and held at 225°C for 1 minute. The flame ionization detector was maintained 
throughout the chromatography at 250°C and under constant hydrogen flow of 25 

25 mL/minute, air flow of 200 mL/minute, and a combined column and makeup helium flow 
of 30 mL/minute. The amount of hydrolyzed acid in the sample was then detennined by 
integrating the acid peak in the chromatogram for total ion counts and calculating the acid 
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from the ion count using a standard curve generated undo* the above conditions for acetic 
and butyric adds at varying concentrations in the assay solution (without enzyme). 

Determination of Perhydrotysis (OFD Assay) 
5 The perhydrolytic activity assay described below was used to determine the 

amount of peracid formed in the reaction. In these assays, the solution comprised 50 mM 
potassium phosphate pH 7.5, 10 mM ester substrate, 29 mM hydrogen peroxide, 20 mM 
potassium chloride, and 10 mM O-phenylenediamine. 

When using water insoluble ester as the acyi donor, an ester adsorbed fabric 
1 0 swatch was used as the substrate, prepared as described above ("Preparation of 
Substrate"). 

Perhydrolytic activity was measured by monitoring the absorbance increase at 458 
nm of oxidized O-phenyienediamine (OPD) by peracid generated with the enzyme. The 
perhydrolytic activity assay solution was prepared in the same manner as the hydrolytic 

1 5 activity assay solution, except that OPD was added to the assay solution to a final 

concentration of lOmM. The OPD solution was prepared immediately before conducting 
the assay by dissolving 72mg OPD (Sigma-Aldrich, dihydrochloride) in 19.94 mL of the 
same buffer and the pH was adjusted by slowly adding 60 nL of 13.5 M potassium 
hydroxide. The pH was measured and if needed, small quantities of potassium hydroxide 

20 were added to return the pH to the original pH of the buffer. Then, 495,pL of this OPD 
solution were added with the other assay components to a final assay volume of 0.990 
nJL An assay quenching solution was also prepared by dissolving 36mg OPD in 20 mL 
100 mM citric acid and 70% ethanol. 

The assay was typically conducted at 25°C. The assay was started by pipetting 

25 100 nL of assay solution before the addition of the enzyme into 200 pL of quenching 
solution to determine the amount of perhydrolytic components and background 
absorbance in the assay solution at time 0. Then, 10 jiL of enzyme were added to the 
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assay solution to a desired final concentration which produced approximately 10 
nanomoles ofperacid per minute. A timer was started and 100 aliquots were taken 
from the assay solution and added to 200 nL of quenching solution at various times, 
typically 2,5, 10, 15, 25, 40, and 60 minutes, after adding the enzyme. The quenched 
5 assay solutions woe incubated for 30 minutes to allow any remaining peracid to oxidize 
theOPD. Then, 100 jiL of each quenched assay solution was transferred to a 96-wefl 
microtiter plate (Costar) and the absorbance of the solution was measured at 458 nmbya 
spectrophotometry plate reader (Molecular Devices, SpectraMAX 250). Hie amount of 
peracid in each quenched sample was calculated using a standard curve generated under 
10 the above conditions with peracetic add at varying concentrations in the assay solution 
(without enzyme). 

Perhydrolysis /Hydrolysis ratio: 

Peihydrolysis/ Hydrolysis ration Perhydrolysis measured in the Peihydrolysis 
15 assay/(TotaI acid detected in the hydrolysis assay-Peihydrolysis measured in the 
perhydrolysis assay) 

The results of these experiments are provided in Figures 7, 10 and Figure 11. 
Figure 7 provides a graph which shows the ratio of pertmtyric acid to butyric acid 

20 generated by various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 
40 minutes. Figure 10 shows the ratio of perbutyric add to butyric acid generated by 
various enzymes from 10 mM tributyrin and 29 mM hydrogen peroxide in 4, 10, and 30 
minutes. Figure 1 1 shows the ratio of peracetic add to acetic add generated by various 
enzymes from 1 0 mM triacetin and 29 mM hydrogen peroxide in 4 and 1 0 minutes. The 

25 results obtained in these experiments indicated that M smegmatis perhydrolase 

homologues exhibited a ratio above 1 in the OPD/GC assays described above, while other 
classes of enzymes exhibited ratios significantly below 1. 
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Table 2-lprovides data showing the perhydrolysis activity of various homologues 
described herein on triacetin, as compared to the wild-type AT. smegmatis perhydrolase. 
The results provided in Table 2-2 indicate that the peAydrolase has activity over a broad 
range of substrates. In addition to the results provided in these Tables, Figures 8 and 9 
5 provide data showing that the perhydrolase of the present invention has broad pH and 
temperature range activities. 



Table 2-1. ] 
Homologue 

smegmatis f 


Perhydrolysis Activity of Perhydrolase 
s on Triacetin as Compared to M. 
erhvdrolase 


Experiment 


Protein 


Perhydrolysis 
Ratio 

(homolog to 

perhydrolase) 


A. 








pET26 Mlo 


0.6 




DET26b Mbo 


o,S7 


IdET26 SmeH 


2,1 




DET26b Stm 


0,17 




dLO Smel 


P-7 




Perhvdrolase 


1.0000 




Blank 


0.0660 








B. 


6ET26 S261 M2aA12 


1.5 




Perhvdrolase 


1 




Blank 


0,3 








C. 


Det26M40cD4 


0,14 




Det26 M44aA5 


0,16 




Peihvdrolase 


1 




Blank 


0,01 



Table 2-2- Peracid Production by 1 ppm Wild-T^pe 
Perhydrolase with 29 mM H202 and Various Esters 

nmol Peracetic Acid / min 
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Ester 



lOmMof 
Ester with 
0.5% 
Neodol 



lOmMof 
Ester 



lOmM of Ester 
on Polycotton 
Swatch 



Ethyl Acetate 

Butyl Acetate 8.06 

Hexyi Acetate 7.96 

Octyl Acetate 8.03 

Ethyl Propionate 0.90 

Butyl Propionate 2.47 

Hexyi Propionate 4.00 

Isoamyl Acetate 7.83 

Citronellyl Acetate 725 

Citronellyl 2.85 
Propionate 

Dodecyi Acetate 3.95 

Neodol 23-3 2.25 
Acetate 

Neodol 23-6.5 2.73 
Acetate 

Neodol 23-9 2.97 
Acetate 

Ethylene Glycol 13.30 
Diacetate 

Propylene Glycol 13.17 
Diacetate 

Triacetur lk91 

Tributyrin 0.66 

Ethyl 0.49 
Methoxyacetate 

Iinalyl Acetate 0.30 

Ethyl Butyrate 031 

Ethyl Isobutyrate 0.10 

Ethyl 2- 0.11 
methylbutyrate 

Ethyl Isovalerate 0.37 

Diethyl Maleate 0.75 

Ethyl Glycolate 1.91 



5.00 
8.72 
5.86 
0.48 
1.43 
3.39 
2.66 



17.69 
4.27 
3.21 

0.19 
8.77 

10.12 

10.20 



2.70 
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Typff al Prrftyrirnlasf Pprariri Gfne ration Assay- 

Perbydrolase is active over a wide pH and temperature range and accepts a wide 



range of substrates for acyl transfer. Acceptors include water (hydrolysis), hydrogen 
peroxide (perhydrolysis) and alcohols (classical acyi transfer). For perhydrolysis 
measurements enzyme was incubated in (he buffer of choice at a specified temperature 
with a substrate ester in the presence of hydrogen peroxide. Typical substrates used to 

10 measure perhydrolysis include ethyiacetate, triacetin, tributyrin, ethoxylated neodol 

acetate esters, and others. In addition, the wild type enzyme was found able to hydrolyze 
nitrophenylesters of short chain acids. The latter are convenient substrates to measure 
enzyme concentration. In some embodiments, peracid acid and acetic add were 
measured by the ABTS or HPLC assays as described below. Nitrophenyiester hydrolysis 

15 is also described below. 

£L ABTS Assay (nnf milliliter)' 

This assay provides a determination of peracetic acid produced by perhydrolase. 
This proto col wa s adapted fro m Karst etaL, Analyst, 122:567-571 T1997]). Briefly, a 
20 100 pL aliquot of solution to be analyzed was added to 1 mL 125 mM K\atrate pH 5, 1 
mM ABTS, 50 pM KI. Absorbance was measured at 420 nm for highest sensitivity. 
However, multiple additional wavelengths were sometimes used over the broad 
absorption spectrum of ABTS. Calibration curves were constructed based on known 
peracid concentration series. 

25 

D TTFT,r (MaHpI . AgilPtit llftfl) TWoi-min sHnn nf Pprhydrnla^ faction 

Products; 

For determination of the ratio of perhydrolysis to hydrolysis of the peachydrolase 
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reaction, perhydiolase reaction samples were quenched by acidification to a final 
concentration of 024% methanesulfonic acid, and the products were separated by reverse 
phase HPLC on a Dionex OA column (cat #062903; Dionex Corporation, Sunnyvale, 
CA). The mobile phase was 100 mM NaP04, pH 3.9 (buffo* was prepared by titrating 
5 100 mM Na2PC>4 with methanesulfonic acid to pH 3.9) run undo* isocratic conditions at 
30 C. Detection was at 2 1 0 nm. Concentrations of products were calculated by 
comparison of the integrated peak areas against calibration standards. 

EL Nifrnphffnylf stf r Hydrolysis Kinffir Assay 

10 Enzyme and substrate were incubated in 100 mM Tris/HCl pH 8*0 (or 50 mM 

B(OH)3 pH 9.5 or another buffer). Absorbance at 402 nm was monitored. In some 
experiments, the assay was carried out in standard 1 mL cuvettes, while in other 
experiments, microtiter plate wells were used. The latter method was used for the 
screening of mutant libraries. Enzyme concentration was determined by comparison to 

1 5 standard curves obtained under the same reaction conditions. 



F. Pflra-nffrnplipnylpflprnflte TTydrnlyris Assay 

The pNC6 substrate solution was prepared by mixing ImM pNC6 (100 mM stock 
20 solution), 1 ml DMSO, 19 mis lOOmM Phosphate (pH8), and glycerol to a final 

concentration of 10%. To assay samples, 10 \d of the cell lysate were added to 190 yd of 
the substrate solution, and assayed at 405 nm for 15 minutes in a spectrophotometer. The 
results are presented as the average of two experiments. 

25 £L Pflra-nitrnpliPnyl ArPtafp (pNA) Hydrolysis Assay 

Aliquots of the lysed cell supernatant were diluted 1-100 in 100 mM phosphate 
buffer (pH 8). To assay the samples, 5 of the 1-100 diluted cell supernatant were 
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placed into each well of a microtiter plate. Thai, 195 [d of reaction buffer/suhstiate mix 
(1 mM pNA, 100 mM phosphate, pH 8, 10% glycerol ) were added, and the absoibance 
rate at 405 mn was measured over 3 minutes (kinetics program, microtiter plate reader). 
The results are presented as the average of two experiments. 

5 

EXAMPLE 3 
Assays Including Detergent Compositions 
10 In this Example, assay systems used to screen for superior perhydrolase activity in 

detergents with particular substrates are provided. These assays include those Oat 
measure peradd degradation of perhydrolase, as well as the peracid synthesis activity of 
the enzyme. 

15 Materials and Methods for Peracetic Acid Formation (PAF) and Peracetfc Acid 
Degradation (PAD) Assays 

This section provides the materials and methods used to screen for a superior 
perhydrolases in Ariel with C9E20AC ester substrate 

20 " 

Materials* 

Ariel Futur without bleach, perfume, or enzymes (P&G, Ariel "C") 

C9E20Ac(P&G) 

30% Hydrogen Peroxide (Sigma) 
25 32% Peroxyacetic acid ("peradd", PAA)(Sigma cat#) MW = 76.05; 4.208M 

Citric Acid, anhydrous MW=192.12 

Potassium Hydroxide MW=56. 1 1 

ABTS (Sigma cat# A1888) MW=548.68 

Potassium Iodide MW= 166.0 
30 Potassium Phosphate , mono and di-basic 

Stock snhrtinny 
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Ariel detergent stock: Ariel Futur without bleach, perfume, or enzymes ("Arid O 7 ) was 
dissolved in water to 6.72 g/L. It was stirred at room temp for 30 minutes, then allowed 
to settle. Then, it was divided into convenient aliquots and stored at 4^C, until used 
5 When made and used fresh, the solution was filtered, instead of settled 

100 mM C9E20Ac in Ariel detergent stock: First, 30 pi C9E20Ac was added to 970 pi 
Ariel detergent stock, using a positive displacement pipet It was sonicated in a bath 
sonicator until a milky dispersion was formed (15-60 seconds). The dispersion was stable 
10 for about two hours. When used, 10 |il of dispersion per ml of reaction mix were used. 

42 mM Peroxyacetic acid stock: Right before use, the Sigma 32% PAA solution was 
diluted 1:100 in water. Then 5.7 pi of the 42 mM stock per ml of reaction mix was 
added. 

15 

2 M hydrogen peroxide: One ml of 30% Sigma hydrogen peroxide was added to 3.41 
ml water. This solution was prepared fresh, right before use. It was used at 10 pi per ml 
of reaction mix. 

20 125 mM Citrate buffer pH 5.0: This was prepared to 24.0 grams per liter. It was made 
up in 800 ml, and titrated to pH 5.0 with 50% KOH. The volume was adjusted to 1 liter 
and stored at room temperature. 

100 mM ABTS stock: This was prepared using 549 mg of ABTS in 10 ml of water. It 
25 was frozen at -80°C, in convenient aliquots in opaque Eppendorf tubes. The stock was 
stable indefinitely when kept frozen in the dark. ABTS will precipitate whoa thawed 
from -80°C but goes back into solution upon mixing. In use, 1 0 pi of ABTS stock was 
used per ml of ABTS reagent 

30 250 mM KI: This was prepared as 415 mg in 10 ml water. It was kept.at 4"C. It was 
diluted to 25 mM working stock, and 2 ul of working stock was used per ml of ABTS 
reagent 

25 mM Potassium Phosphate buffer, pH 8.0: 

35 

Method: 

The night prior to performance of the assays, the plates containing lysed cells that 
40 contain perhydrolase woe checked to be sure that they were frozen twice. On the day of 
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the assay, 30 to 45 minutes were allowed for the plates to thaw. The ABTS reagent was 
prepared and the Multidrop (Multidrop 384 instrument, ThermoElectron) to fill the 
detection plates with 200 |ol per well. Store the filled plates covered atroom temperature 
in the dark until needed. Dilutions of the standards were prepared so that when 20 fd of 
5 die diluted standard were added to the 1 80 |xl of the reaction mix, the concentration in the 
well was 1 ppm. Four 4 two-fold serial dilutions were prepared to a set of six standards: 
1, 0.5, 0.25, 0.125, and 0.0625 ppm final concentration in the wells. 

To test, 20 \d of the standards were added to the thawed 1:10 dilution plate. The 
reaction mixtures were prepared and the Multidrop used to fill one reaction plate for each 
10 plate to be assayed (180pl/weil). Note that the reaction mixtures are different for the PAF 
and PAD assays. 



Peracid Hydrolysis (Peracid Degradation, PAD) Assay: 
1 5 This assay measures the amount of peracetic acid remaining after a 100 minute 

incubation with enzyme in an Ariel detergent background. The amount of peracid 
remaining is detected by reacting an aliquot of the reaction mixture with the ABTS 
detection reagent 

In this assay, 20 pi enzyme samples from the thawed 1:10 dilution plate were 

20 transferred, one column at a time with an 8 channel pipette:, into the corresponding 
column of the pre-filled PAD reaction plate. A timer was started as soon as transfer 
occurred from the first column; subsequent columns were transferred at 1 5 second 
intervals (i.e., the last column was finished 2 min. 45 sec. after starting the first one). The 
plate was mixed for 30 seconds on the thermomixer (750 rpm, to avoid splashing). The 
25 plate was then transferred to a humidified chamber at 25 # C. The plate was incubated for 
a total of 100 minutes from the time the first column of enzyme was added. At 100 
minutes incubation, the reaction plate was removed from the incubator. Thai, 20 ul 



160 



P C f? SSESB' M-O M3 B PCT/US2004/040438 
~ GC821-2 



aliquots of the reaction mixture were transferred to an ABTS reagent plate, in the same 
order and with the same 15 second time interval that the enzyme samples were originally 
added to the reaction plate. The ABTS plate was allowed to sit at room temperature for 
three minutes after the last column of reaction mixture was added. The plate was then 
5 read on the spectrophotometry plate reader at 420 and 740nm. 

Perhydrolysis (Peracid Formation, PAF) Assay 

10 Multidrop Optimized Protocol: Screening for a Superior Perhydrolysis in 

Ariel with C9E20AC Ester Substrate 

Hie same materials and stock* solutions described above for PAD were used in 
these experiments, as indicated below. 

15 Method: 

The methods were designed to assay 20 }xl aliquots from a 1 : 1 00 dilution plate. 
The 20 |xl 1 : 1 00 dilution assay plates were produced during the process of obtaining the 
protein concentrations and were stored at -80°C. The plates were thawed for about 30 to 
45 minutes before use. Dilutions of the S54V standards were prepared, so that when 2 jd 
20 of flie diluted standard are added to the 20 \d of the 1 : 1 00 diluted cell iysate, the 

concentration in the well was 0.1 ppm. Four two-fold serial dilutions were prepared to 
produced a set of six standards: 0.1, 0.05, 0.025, 0.0125, and 0.00625 ppm final 
concentration in the wells. Thai, 2 ulofthe standards were added to the thawed 20 ul 
1 :1 00 dilution assay plates in the wells indicated. 

25 

Perhydrolysis (Peracid formation, PAF) Assay: 

This assay measures the amount of peroxyacetic acid that is produced in 10 
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minutes from the C9E20Ac substrate in an Ariel detergent background The amount of 
peracid formed is detected after 10 minutes by reacting an aliquot of the reaction mixture 
with the ABTS detection reagent ~~ 

5 The Multidrop was used to deliver 1 80 nl/weH of the PAF reaction mix to the prepared 
1:100 dilution plate. The timer was started and die reaction plate was placed on the 
thermomixer, with the temperature set at 25X. The plate was covered and the solutions 
mixed for 30 seconds at 750 rpm. The plate was then allowed to rest on the thermomixer 
without mixing, for a total of 1 0 minutes from the time the reaction mix was added. 
10 At 10 minutes, the Multidrop was used to add 20nl/well of the lOx ABTS reagent The 
lOx reagent was a milky suspension. The thermomixer was used to briefly shake the 
plate. The ABTS reagent quickly went into solution. The plate was allowed to sit at 
room temperature for three minutes after the ABTS reagent was added The plate was 
then read on the spectrophotometry plate reader at 420 nm. 

15 



EXAMPLE 4 
Cloning of Mycobacterium smegmatis Perhy drolase 

20 In this Example, the cloning of M. smegmatis perhydrolase is described. An 

enzyme with acyltransferase activity was purified from Corynebacterkim oxydans (now 
Mycobacterium parafortuitum ATCC 19686). Two peptide sequences were obtained 
from the purified protein. One peptide was determined by Edman degradation from 
cyanogen bromide cleavage of the purified enzyme using methods known in the art The 

25 sequence of this peptide was determined to be KVPFFDAGSVISTDGVDGI (SEQ ID 

NO:3). The second peptide was analyzed using N-terminal sequencing and was found to 
have the GTRRILSFGDSLTWGWIPV (SEQ ID NO:4). A BLAST search against the 
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TIGR unfinished genome database identified a sequence of potential interest in 
Mycobacterium smegma tis, which is shown below: 



makriix:fgdsltwgwwvedgapterfapdvrwtgviaqqlgadfevie^^ 
5 arttniddptdpruvigasylj'sciato 

msvlvtqvltsaggvgttypapkvlw 

rwsaij^sfmkvpffdagsvistdgvdgihfteannr^ (seq 

IDNOS). 



10 The corresponding DNA sequence of the gene is: 

5'- 

ATGGCCAAGCGAATTCTGTGTTTCGGTGAITCX^C^ 

CGTCGAAGACGGGGCACCCACCGAGCGGTTCGCCCCCGACGTGCGCTGGACC 
GGTGTGCTGGCCCAGCAGCTCGGAGCGGACTTCGAGGTGATCGAGGAGGGAC 

1 5 TGAGCGCGCGCACCACCAACATCGACGACCCCACCGATCCGCGGCTCAACGG 
CGCGAGCTACCTGCCGTCGTGCCrCGCGACGCACCTGCCGCTGGACCTGGTG 
ATCATCATGCTGGGCACCAACGACACCAAGGCCTACTTCCGGCGCACCCCGC 
TCGACATCGCGCTGGGCATGTCGGTGCTCGTCACGCAGGTGCTCACCAGCGC 
GGGCGGCGTCGGCACCACGTACCCGGCACCCAAGGTGCTGGTGGTCTCGCCG 

20 CCACOKTGGCGC(XATGCCGCACCCCTGGTTCCAGTTGATCTTCGAGGGCG 
GCGAGCAGAAGACCACTGAGCrCGCCCGCGTGTACAGCGCGCTCGCGTCGTT 
CATGAAGGTGCCGTTCITCGACGCGGGTTCGGTGATCAGCACCGACGGCGTC 
— GACGGAATCGACTTCACCGAGGCCAACAATCGCGATCTCGGGGTGGOCXrreG 
CGGAAC AGGTGCGGAGCCTGCTGTAA-3 ' (SEQ ID NO:l) 

25 

Primers were designed based on the gene sequence to amplify and clone the gene. 
The primers used for amplification were: 



MsRBSF: 5'- 

30 CTAACAGGAGGAATTAACCATGGCCAACTCGAATTCTGTGTTTCGGTGATrCC 
CTGACCr-S' (SEQ ID NO:5) 
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MspetBamR: 5'- 

GCGCGCGGATCCGCGCGCITACAGCAGGCTC 
ACCCCGA-3'(SEQIDNO:6) - ~ 

5 The amplification of the gene was done by PCR using Tag DNA polymerase 

(Roche) per the manufacturer's instructions, with approximately 500 ng of chromosomal 
DNA from Mycobacterium smegmatis as the template DNA and the addition of 1% 
DMSO to the PCR reaction mix. Thirty picomoles of each of the primers MsRBSF and 
MspetBamR were added to the mix. The amplification cycle was: 30 cycles of (95°C for 1 

10 min, 55°G for 1 min, 72°C tar 1 min). 

The fragments obtained from the PCR reaction were separated on a 12% agarose 
gel and a single band of the expected size of 651 bp (coding sequence and stop codon) 
was identified This band was cloned directly into the pCR2.1 TOPO cloning vector 
(Invitrogen) and transformed into E. coli Top 10 cells (Invitrogen) with selection on L 

1 5 agar (10 g/1 tryptone, 5 g/1 yeast extract, 5 g/1 NaCl, 20 g/1 agar) containing 1 00 
micrograms/ml carbenicillin and X-gal (20 micrograms/ml, Sigma-Aldrich) for 
blue/white selection and incubated overnight at 37°C. Five white colonies were analyzed 
for die presence of the PCR fragment Each colony was used to inoculate 5 mis of L 
broth (L agar without the addition of agar) containing 100 micrograms/ml caibenicillin 

20 and the cultures were grown overnight at 37°C with shaking at 200 rpm. Plasmid DNA 
was purified from the cultures using the Quikspin kit (Qiagen). The presence of the 
correct fragment was determined by restriction enzyme digest with EcoBA to release the 
fragment, and sequencing using primers supplied by the pCR2. 1 manufacturer 
(Invitrogen). The correct plasmid was designated pMS ATNcol (See, Figure 12, for the 

25 map of this plasmid)). The sequence of this plasmid is provided below 

agcgcccaatacgcaaacc^cctctccccgcgcgttggccgattcattaat ^ 

cgggcagtgagcgcaacgt^ttaatgtgagttagctca^ 

gtgtggaattgtgagcggataacaamcacacag^ 
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atfcaagctatgcatcaagcttggtaccgagctcggatcc^^ 
ggaattaaccatggccaagcgaattrtgtgtte^ 
gagcggttcgcccccgacgtgcgctggaccggtg^ 
tgagcgcgcgcaccaccaacatcgacgaccccaa^ 
5 gcacctgccgctcgacctggtgatcatcatgctgggcaccaacgacaccaaggcctactt 
gctgggcatgtcggtgctcgtracgcaf^ 
gtggtctegccgccaccgrtggcgcccat^^ 
gtfcgcccgcgtgtacagcgcgrtcgcgtc^ 

gacggaata^cttcaccgaggccaacaatcgcgatctcggggtggccctcgcgga 
10 cgaattctgcagatatccaicacartggcg^ 

attcactggccgtcgttttacaacgtcgtgactgggsaaaccctggcgttac^ . 

cagctggcgtaatagcgaagaggcccgcaccgatq^ 

acctataaaagagagagccgttatcgtctgtttgt^ 

cctggccagtgcacgtctgctgtragataaagtrtoccgtgaacttt^ 
1 5 tgaccaccgaMggccagtgtgccggtctc^ 

cgccattaacctgatgttctggggaatataaatgtcaggcatgagattatcaaa^ 

gcc^ccgpagaaac^gctgacoccggatgaatg^cagctactgggctrf 

gaaagcaggtagcttgc^gtgggcttacatggcgatagctagactgggcggttttat^ 

ctggggcgccctrtggtaaggttgggaagccctgcaaagtaaartggatgg 
20 gatcaagctctgatcaagagacaggatgaggatcgtttcgcatgattgaacaagatggattgcacg^ 

gtggagaggctattcggctatgactgggcacaacagacaatcggctgctctgatgccgccgtgttcc^ 

cgcrcggttcttmgtcaagaccgacctgta 

cgacgggcgttccttgcgcagctgtgctcgac^ 

aggatctcctg^catctcaccttgctcctgccgagaaagtatccatcatggctgatgc^ 
25 ctacctgcccattcgacc»ccaagcgaaacatcgcatcgagcgagcacgtactc 



cgtcgtgacccatggcgatgcctgcttgccgaatatcatggtggaaaatggccgcttt^ 
tgtggcggaccgctatcaggacatagcgttggctacrc^ 
gtgctttacggtatcgccgctcccgattcgc^gcgcatcgccttctatcgccttctt 
30 t(xtgatgcggtattttc^ccttacgcatctgtgcggtamcacaccgcatacaggt 
cctamgtttattmctaaatac^ttcaaatatgtatccgctcatga^ 



35 



cggctcgggttctcrogggacttc^ 
caggaccaggtggtgccggacaacaccctgg^ 



40 



gcgcgacccggccggcaactgcgtgcacttcgtggccgaggagcaggactgacacgtgcf^ 
atctaggtgaagatcctttttgataatctcatgaccaaaatcc^ 
gatcaaagg^cttcttgagatccttttmctgcgcgtaatctgctgcttgc ^ 
gccggatcaagagctaccaactctttttccgaa^ 
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cgataagtcgtgtcttaccgggttggactcaagacgatagttaccggataaggcgcagcggtc^^ 

cacacagoccagc^ggagcgaacgacctacaccgaactgagatacctacagcgtga 

aagggagaaaggcggacaggtatccggtaag^ 

5 gaaaaa^ocagcaacgcggcctttttacggttcct 
gtggataaccgtattaccgccffigagtgagctgate^ 
ggaagcggaag (SEQ ID N0:13) 

Construction of Perhydrolase T7 Expression Plasmid 

10 The primer pair used to create pMSATNcol was also used to create an Ncol site 

(CCATGG) in which the ATG is the start codon of the acyitransferase gene andaitamHl 
(GGATCC) just after the TAA stop codon. TTie plasmid pMSATNcol was digested with 
NcoVBamRl as recommended by the manufacturer (Roche) and die 658 bp fragment 
containing the perhydrolase gene was purified using standard procedures known in the art 

15 {e.g., Sambrook et a/.). The fragment was ligated using standard procedures known in the 
art (e.g^ Sambrook et al) into the T7 promoter expression plasmid, pET16b (Novagen), 
also digested with NcoVBamHl. The ligation reaction was transformed by standard 
procedures into E. coli Top 10 cells (Invitrogen) and selected on L agar containing 100 
micrograms/ml carbenicillin overnight at 37°C. Ten colonies were picked from the 

20 several transformants and used to inoculate 5 ml of LB containing 1 00 micrograms/ml 
carbenicillin. Cultures were grown overnight at 37°C with shaking at 200 ipm. Plasmid 
DNA was purified from the cultures using the Qiagen Quikspin kit (Qiagen). The 
presence of the correct fragment was determined by restriction enzyme digest with 
NcoVBamRl as directed by the manufacturer. The correct plasmid was designated 

25 pMSATNcol- 1 (See, Figure 13, for the map of this plasmid). In this Figure, the" 

following elements are indicated— Lad: gene encoding the LacI repressor protein, located 
at bpl455-2534, ori: plasmid origin of replication at bp 4471, bla: The ^-lactamase gene 
located at bp 6089-5232; T7 promoter located at bpl 068-1 052; T7 terminator located at 
bp 259-213, per. the M smegmatis perhydrolase gene located at 981-334. The sequence 
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of this plasmid is provided below: 

ttrtcatgtttgacagcttatratcgataagctttaMgcg 

atctaacaatgcgctratcgtcatartcggcacx^ 

cttgcgggatatccggatatagttcctccmcagcaaaaaacccct^ 

gctcagcggtggcagcagccaactcagcttcc^^ 

gttccgcgsgggccaccccgagatcgcgatt^^ 

ccgcgtcgaagaacggcaccttcatgaacgacgcgagcgcgct^ 

tcgaagatcaactggaaccaggggtgcggcatgggcgccagcggtggcggcgagac^ 



10 

gtagctcgcgccgttgagccgcggatcggtggggtcgtcgatgttggtgg^ 

tccgctccgagctgctgggccagcacac^^ 

ggacccagccccaggtcagggaatcaccgaaaracagaattc^ 

ctagaggggaattgttatccgctcacaattcccctatagtgagtcgtattaa^ 
15 cgcatcgfggcxggc^caccggcgccac^^ 

tcgccacttegggctcatgagcgcttgtttc^ . 

ttgcatgcaccattcxttgcggcggcggtgctcaacggcctcaac^ 

agagcgtegagatcccgfflcaccatcgaatggfigcaaaaoctttc 

gggtggjgaatgtgaaaccagtaacgjtatacgat^ 
20 aggccagcracgtttctgcgaaaacgcgggaaa 

caacaactggcgggcaaacagtcgttgctgattggcgttgccacx^ccagtctggc^ 

cgattaaatctcgcgccgatcaactgggtga^cgtggtggtgtcgatggtagaa^ 

cggtgcacaatcrttctcgcgcaacgcg^^ 

gcctgcactaatgttccggcgttatttcttgatgtctctgaccaga^ 
25 actgggcgtggagcatctggtcgcattgggtcacra^ 

gtctggctggctggcataaatatctcactcgcaatcaaattcaga:gatagcggaacgggaa 

ttttc^caaaccatgcaaatgrtgaatgagggcatcgttccca^ 

tgcgcgocattaccgagtccgggctgcgcg 




30 aggcggtg^agggcaatcagctgttgcccgtctcactgg^^ 

cccgcgcgttggccgattcattaatgcagctggcacgacaggtttcccgactggaaagcggg^ 
gtaagttagctcactcattaggcacxgggatctcgarc^ 
gggc^tgactatcgtcgccgcacttatgactgtcttctttatcatg 
ggcgaggaccgctttcgctggagcgcgacgatgatcggoctg^cgcttgcggtattcgg 

35 cgtcartggt<xx:gccaccaaacgmcggcgagaagcaggccattatcgccggca^ 
gcrtggcgttcgcgacgcgaggctggatggccttccccattatgatt 
ccatgctg^ccaggcaggtagatgacgaccatcagggacagcttcaaggatcgc^ 
tggaccgctgatcgtcacggcgatttatgccgcctcggcgagcacatggaacgggttgg 
cttgtctgw*ccccgcgttgcgte^^ 

40 gattcaccactccaagaattggagccaatc&att^^ 
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gcgtccgcratctccagcagccgcacgcggcgcattfc^ 
gtcgttgaggacxxggctaggctggcggggttgccttact^^ 
rtgctgctgcaaaacgtctgcgaortgagcaac^cat^ 
agcgccrtgcacrattatgttccggatctgra^ 
5 ctggcattgaooctgagtgatttttdctggtcccgocgcatccat^ 
tgttcatratcagtaacccgtatcgtga^ 

ggcatcagtgaccaaacaggaaaaaaccgcccttaacatggcccgcttta etc 

aacgagdggacgcggatgaacaggcagacatctgtgaatcgcttcacgac^ 

cgmcggtgatg^cggtgaaaacctctgarac^ 
1 0 agacaagcccgtcagggcgcgtcagcgggtgttggcgggtgt<^gggcgcag^ 

gtgtatartggcttaactatgcggcatcagagcagatt^ 

aaggagaaaataccgcatcaggcgcrtcttccgcttc^^ 

tcagctcactcaaaggcggtaatacggttatccacagaatcaggggataacgcaggaaag 

aaaggccaggaaccgtaaaaaggccgcgttgctggcgffl 
15 ctcaagtcagaggtggcgaaacxxgacaggactataaagataccaggcgt^^ 

ccgaccctgccgcttaccggatacctgtccgcctttctcccttcgggaag 

gttcggtgtaggtcgttcgctccaagctgggctgtgtgcacgaaccccccgttcagcc^ 

cgtcttgagta^cccggtaagacacgacttatcgra 

ggcggtgctacagagttcttgaagtggtggcctaactacggctacactagaaggac^ 
20 agttaccttcggaaaaagagttggtagctcttgatccggcaaacaaaccaccgctggtagcggtg 

gattacgcgcagaaaaaaaggatctcaagaagatcctttgatrttttctacggggt 

agggattttggfrcatgagattatcaaaaaggaU^^ 

gagtaaacttggtctgacagttaccaatgcttaatcagtgaggcacctatctcagcgatc^ 
rtccccgtcgtgtagataartacgatacgggagggcttac^ 
25 cggctccagatttatcagcaataaaccagccagccggaagggcpgagcgcagaagt^ 
gtctattaattgttgccgggaagctagagtaagtagttcgccagttaatagtttgcgcaac 
tgtcacgctcgtcgtttggtatgg^ 
agcggttagctccttcggtartc^ 

ctcttactgtc^tgccatccgtaagatgctmctgtgactggtgagtactcaa 
30 agttgctcttgcccggcgtcaacacgggataatac^ 
gggcgaaaactctcaaggatcttaccgctgttgaga 

cmcaccagcgtttctgggtgagcaaaaacaggaaggcaaaatgc«gcaaaaaaggg^ 
atadcatactcttcctttttc^tattattgaagcatttatcagggttat^ 
aacaaataggggttccgcgcacamccccgaaaagtgccacctgacgtctaagaaacca 
35 ataggcgtatcacgaggccctttcgtcttcaagaa (SEQ IDNO:131) 



This plasmid was transformed into the£ coli strain BL21(XDE3)pLysS 
(Novagen), which contains the gene encoding the T7 RNA polymerase, wifli selection on 
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LA containing 100 nricrograms/ml carbenidllin. Cells were grown overnight at 37°Q 
One transfonnant was selected and the strain was designated MSATNcol. 

Production of Perhydrolase in MS ATNcol-1 
5 Production of perhydrolase was done in cell culture. For example, 5 ml of LB 

with carbenidllin at a concentration of 1 00 microgram s/ml was inoculated with a singje 
colony of MSATNcol and grown overnight at 37°C with sh a k ing at 200 rpm. Tins 
culture was used to inoculate 100 ml of LB with carbenidllin at a concentration of 100 
micrograms/ml (in a 250 ml baffled flask) to an ODeoo of 0. 1 . The cultures wore grown at 

10 30°C with shaking at 200 rpm until they reached an ODooofOA The expression of the 
perhydrolase gene was then induced by the addition of 1 00 micromolar IPTG and the - 
incubation continued overnight Cultures were harvested by centrifugation (10 min at 
7000 rpm, Soryall SS34 rotor), the supernatant was removed and the pellets washed in 50 
mM KP04, pH 6.8. The cells were centrifuged again, the supernatants removed and the 

15 wet weight of the ceils was determined The cells were resuspended in 100 mM KPOiin 
a volume that was 4x the wet weight Hie resuspended cells were frozen at -70°C The 
cells were thawed and lysed in a French Pressure cell using standard procedures known in 
the art The purification steps and assessment methods are provided in Example 1. 
— Figure 6 provides^purification table showing the enzyme activity of the periiydrolase of 

20 the present invention through various steps in the purification process. 

Af. smegmatis Perhydrolase is in an Operon 

In additional experiments, it was determined that the Af. smegmatis perhydrolase 
is part of an operon. The gene (phd) is the first gene in an operon that contains at least 2 
25 genes, including phd, that are separated by 10 bp (GGCTGGGGGC [SEQ ID NO:7]) not 
including the TAA stop codon of phd. It is also possible that there are three genes in the 
operon, with the third being either 48 bp or 61 bp to the next ORF (open reading frame) . 
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The latter two candidate genes have no significant homology to proteins in the database. 

A putative promoter was identified for M smegmatis phd operon, TTGGGC {-35) 
SP (1 8) CCAGAT by sequence analysis and comparison with known M. smegmatis 
promotes {See e.g, Salazar et al^ MicrobioL, 149:773-784 [2003]). It is not intended 
5 that the present invention be limited to any particular promoter and/or construct design, as 
it is contemplated that other promoters and construct designs will find use in the present 
invention. 

The second gene in the phd operon encodes a protein (putative PBP-3) with the 
sequence: 

10 * mhlipaltwUwglfiswgcssspdpadri^aeal 
gddagatlkytwtwgegrdfgydttataaksgddwU 
verahpesaaplaaUapfdptftesvtaqln 

elwhdritanagwsvylvdadgapaqqltstppkdtgpvrtddlimqUaqq 
dpqgmfsglyppgstfktittaaalda^a^ 
1 5 altdmakdfgigydfnrvpglttrt^ 

lppnitdalrammrgtvtegfatalsdipdlggjctg^ 
g(SEQH5NO:9) 

The corresponding DNA sequence of the gene encoding the putative PBP-3 : 

20 atgcacttacgtcccgctctgacgtggctcctggttgtcgg^ 

ao:ggttctcggcgttcgccgaggcgctgggccgcaaggatgcggccgcggcggccgccca 

gcggaggcgga^caccgcgatgdggccgggatgggcgacgccgcgaacgtcteggtgg 

cgacgacgcgggcgcgacgctgaagtacacgtggacctggggtgagggccg^ 

ggrcaaatccggtgacgartggctgatcacrtggtc^^ 
25 agcgaggacagcgaattgcagaccccggtgctcgaccgcacxggcra^ 

tgtcgaacgcgcacatccggagtcggccgcaccgrtcgrc^ 

tcaccgcac^ctcaattcgacgaccgatgaccgcgtgac^ 

cagtfcgcgragatccccggcgtgaccg^ 

cagcggcctggacgagctgtggcacgaccggptcarc^ 
30 cccgracaacagctcacgtccacgccgcccaaggararc^ 

cgcagcaggccgtggccaaggagacccgcccggccgtggtggtcgcgat<^c^ 

cacagaacxcggcxgccgatccgcaaggtgcgatcgcgttttcgggcctgtacccgcx 

acggcggcagccctcgacgcgggcctggccaaxx^ggacacaccggtggcctgcxxggg 

acgatccccaacgacgacaacttcgacctgggcarc^ 
3 5 gccctgtccgacgagctgccgcccaacg^ 
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cctgaccaccgtgaccggccgtgtcccx^cgccgacaacgccgcccagcgtgtcg 
gacxgtcagcccgtt<^cctcgccgtcgccgaggccagcctggcgcac 
gagaagaa^cggccgacaccccgtcggtgccgttgccgcccaacatcaccgacgc^ 
gtcaccgagggcacggcxaccgcgttgagcga^ 
5 acgcactcgcacggptggttcgcgggcatcg^^ 

cggccgtcgcgatctcaggagacttcctgcgccccgcgctcgccggctag (SEQ IDNO:8). 

A standard BLAST search against the protein database identified homology with 
several penicillin binding proteins, class 3 (PBP-3). By sequence alignment and 
comparison to literature (e.g., Goffin and Ghysen, Microbiol. MoL BioL Rev., 66:702-38 
[2002]) the PBP was found to contain the required bar codes (conserved protein 
sequences that define a class of proteins) to place it in the SxxK superfemily of acyi 
transferases, with a C-terminal domain acyi transferase and an N-terminal domain of 
unknown function, but with homology to the Pen r (z.e., penicillin resistant) protein 
fusions of class B-like II and ED. Uris penicillin binding protein acyi transferase domain 
does not share significant homology with the perhydrolase of the present invention, 
although it does share homology with Co-A dependent acyi transferases known in the art 
The amino acid sequence is provided below. 



20 MHIJtPALTWIXWGmSWGCSSSPDP 

AAAEAATTAMIAGM<pAANVSVAAEP 

TATAAKSGDDWLrrWSPTVIJIRDLT^ 

TVGVITVERAHPESAAPLAAIXAPFDPT^ 

LGQVRDQLAQIPGVTVREQGEIITADRQLS^ 
25 VDADGAPAQQLTSTPPKDTGPWTTLDLRM 

TGGIIAAAQNPAADP(^AIAFSGLWPGSTFKTITTA 

ELTIENRTIPNDDNFDLXj^ 

VDFMWGLTTVTGRWNADNAAQRVENGIGQGTVTVS 
LPTLVDGEKTTAIJITSWLPPNril)ALRAMN^ 
30 AEFGDNTHSHGWFAGIAGDIAFATLWGGDSSAPAVAISGDFI^ (SEQ ID 
NO:10) 

The family-identifying bar codes provided in the above review woe: (19) V (20) 



10 
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G/A (140) PVxDRTG (142) TxDx3Q (22) TGGxLAx4PaxDP (13) SxxK(51) SCN (131) 
KTG (50) marked in bold letters in the above sequence. Hie letters represent die amino 
acid sequence defining the bar code; the numbers in brackets are die intervening number 
of amino adds between the particular bar codes; "x" represents any amino add, (i.e., the 
5 amino adds are not conserved within the bar code but the number of amino adds (e.g., x3 
corresponding to 3 intervening amino adds) is conserved). Based on these results and 
other data, as described herein, it is clear that the perhydrolase of the present invention 
represents a unique enzyme class. 

10 

EXAMPLES 
Expression of the Perhydrolase in P. citrea 
In this Example, methods used to express the perhydrolase in P. citrea are 
described. The plasmid pMS ATNcpI was transformed into P. afrea by electroporation 
1 5 using the method essentially as known in the art (See e.g., Sambrook et al^ supra) except 
that all cultures and recovery were done at 30°C. The transformants were plated on L 
agar + carbenicillin (200 ng/ml) and incubated overnight at 30 # C. Three transformants 
were picked for analysis. Each colony was used to inoculate a 30 ml culture of LB + 
carbenicillin (200 jig/ml) and grown overnight at 30X with shaking at 200 ipm. The 
20 cells were pelleted by centrifugation, washed one time in 50 mM phosphate buffer pH 
7.2, and finally resuspended in 4x the wet cell wdght of 100 mM phosphate buffer pH 
8.0. The cells were lysed by treatment with lysozyme (2 jd of a 1 0 mg/ml solution per 
one ml of P. citrea culture) at 3TC for one hour. The cell debris was pelleted at 13,000 
rpm in a microfiige for 5 min. Hie resulting supernatant was used for further analysis in 
25 SDS-PAGE and Western blots, as well as aissays for enzyme activity. 

SDS-PAGE analysis was carried out as known in the art (See e.g^ Sambrook et 
a/., supra) on the supematants. Detection of the perhydrolase protein by Western blot 
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was done using an anti-perhydrolase polyclonal anti-sera (prepared from purified 
perhydrolase protein by Covance). The blot was developed as per manufacturer's 
suggestions using the ECL plus kit (Amersham). 

The enzymatic activity of the expressed perhydrolase was detected by the pNB 
5 (para-nitrophenylbutyrate) assay as described in Example 1, herein. The results are 
provided in the 

Table 5-1. Enzymatic Activity of Perhydrolase Expressed by P. dtrea 

Concentration 

Clone OD405 Rate (mg/liter) 

P. dtrea/ 

pMSATNcol 3.1129 0.47948 7.1922 

Control (P. dtrea) 2.6187 -9.8312 0 

The SDS-PAGE and Western blot results, as well as the assay results indicated 
10 that the perhydrolase is expressed by P. dtrea and is active. 

EXAMPLE 6 
Expression of the Perhydrolase in Badllus subtitis 

1 5 — The perhydrolase was expressed intraceUulariy in B. subtitis. - A variety of 

promoters find use in this embodiment, including but not limited to pSPAC, pAprE, 
pAmyE, pVeg, pHpalL In some embodiments, the construct is present on a replicating 
plasmid (e.g., pBHl), while in other embodiments, it is integrated into the chromosome 
in one or more copies. Examples of sites for integration include, but are not limited to the 

20 aprE 9 the amyE, the veg or the pps regions. Indeed, it is contemplated that other sites 
known to those skilled in the art will find use in the present invention. 

A. Intracellular Expression of the Perhydrolase in Bacillus subtiUs From 
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a Replicating Plasmid 

B. subtilis expresses a lipase/esterase encoded by the gene pnbA that hydrolyzes 
the pNB substrate used to detect activity of the perhydrolase. To identify B: subtilis ' 
strains expressing flie perhydrolase after transformation with replicating or integrating 
5 plasmids the pnbA gene (the entire coding sequence) was first deleted from the desired 
host using the loxP cassette deletion method described in WO 03/083 125, herein 
incorporated by reference. It is also noted that other strains of Bacillus may contain one 
or more lipases/esterases capable of hydrolyzing the pNB or other substrate used as an 
indicator for perhydrolase activity. In some embodiments, for optimal expression and/or 

1 0 activity detection it is necessary to delete one or more of the lipases/esterases from the 

hosts. The Bacillus subtilis strain used in this Example has the genotype Bacillus subtilis 
comK pnbA (pnbAloxP-spec, aprE, nprE, degUHy32, oppA 9 spoHE3501 and will be 
referred to as "B. subtilis pnbA n (See e.g., WO 03/083125, supra). 

In these experiments, a consensus Bacillus ribosome binding site (RBS) was used. 

15 It is not intended that the consensus RBS be die only sequence used for expression, as a 
non-consensus RBS also finds use in the present invention. The RBS of pMSATNcol 
(See, Example 4) was changed to a Bacillus consensus RBS from the 16S rRNA (5*- 
ATAAGGAGGTGATC -3* [SEQ ID NO: 1 32]) of A subtilis and a fliwffll site was added 
to the 5' end of the RBS by PCR using a primer (502rbsforward primer) containing the 

20 desired changes. The reaction was carried out using an MJ Research PCR machine with 
30 cycles of (1 min at 95 W C, 1 min at 55*C, and 1 min at 72 # C). Template DNA 
(pMSATrbs) was added to a 50 nl reaction (10 ng) and 10 picomoles of each primer were 
used. 

The PCR-generated phd cassette was cloned into the PCR cloning vector, pCR- 
25 Script CM (Stratagene) and transformed into E. coli Topi 0 cells (Invitrogen) to make 
pAH502R. The complete sequence of this plasmid is provided below. 
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ctaaattgtaagcgttaatatmgttaaa^ 
aaatcggcaaaatcccttataaatcaaaagaatagaocgagatagggttga^ 
ctattaaagaacgtggartccaacgt<^g^ 
ctaatcaagtttmggggtcgag 

ggggaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctag^ 



caactgttgggaagggcgatcggtgcgggcctctt^ 
taagttgggtaacgccagggtmcccagtcacgacgttgtaaaacg 

tag 




acggcgcg^gctacctgccgtcgtgcc^ 
ac^ggcctacttccggcgcacxocgctcgacatcgcgctgggcatg 
15 gggcggcgtcggcaccacgtacccggcacccaaggtgctggtggW 
ggttccagttgatcttcgagggcggcgagcagaagacc^^ 



cgatctcggggtggccctcgcggaacag^^ 
gccgccaccgcggtggagrtccagctmgttccctttag^g^ 
20 tgtttcctgtgtgaaattgttatccgctcacaattccacacaaca^ 
gcctaatgagtgagctaactcacatt^ 
gcattaatgaatcggccaacgcgcggggagaggcggm^ 
tgcgctcggtcgttcggctgcggcgag^ 

aacgcaggaaagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgc^ 

25 



ctcxxttc^aagcgtggcgctttctcatagctcacgct 
gggctgtgtgcacgaaccccccgttcagc^ 
gacacgacttatcgccactggcagcaga^ctggtaac^ggattagc^ 



30 w „_ 

aaaaagagttggtagctcttgatccggcaaac^ 
cgcgcagaaaaaaaggatctcaagaagatcx^ 
taagggotfflggtcatgagattatcaaaaaggatct^ 
atcacttcgcagaataaataaatcctggtgtccctg^gataccgggaa^ 

35 gttgatcggcacgtaagaggttccaacmcacrataa^ 

atmcaggagctaaggaagctaaaatggagaaaaaaatcactggatataccac^ 
aagaacatmgaggcamcagtcagttgctcaatgtacctataacx^g 
aagaccgtaaagaaaaataagcacaagttttatccgg^ 
attacgtatggcaatgaaagacggtgagctggtgatatgggatagtgttcacc^ 

40 agaaacg^catcgctctggagtgaataccacgacgatttccggc 
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tgttacggtgaaaacctggcxtotttccctaaagggtttattgagaatatgtttttcg^ 
tttcaccagtmgatttaaacgtggcx^^ 

aggcgacaaggtgctgatgocgctggcgattcaggttcatcatgccgtttgtgatggcttcra 
atgaattacaaragtactgcgatgagtggcagggcggggcgta^ 
5 ggttgctacgcctgaataagtgataataagcggp^ 
gggcagggtcgttaaatagcc^cttatgtctatt^^ 
cttctcaaatgcctgaggccagtttgc^caggctctccccgtg 
caaaagtgctcatcattggaaaacgttcttcg^ 
taacxractcgtgcacccaacigatcttc^^ 
10 aaatgccgcaaaaaagggaataagggc^cacggaaatgttgaatart^ 
tttatcaagggttattgflctcatgagcggate^ 
atttecccgaaaagtgocac (SEQIDNO:133) 

Transformants were selected on L agar containing 100 Jig/ml caibenicilliiL The 
15 construct was confirmed by sequencing and biochemical assays (eg., pNB activity assay) 



Primer set for pAH502R construction: 
502ibsForward prima: 

5'- ccaagcttaaggaggtgatctagaattccatggcx^gcgaattctgtgtttcg-S* (SEQ ID NO:134) 

20 

502Reverse Primer 

5 f - ggggatccttttacagcaggctccgcacct-3' (SEQIDNO:135) 

25 The Hindm-RBS-phd-BamH I DNA fragment fiom pAH502R was cloned into 

the pSPAC containing vector, pMUTIN4 (See, Vagner et a/., MicrobioL, 144, 3097-3104 
[1998]) creating the construct pAH503. The complete sequence of pAH503 is provided 
below: 

30 ataattctaracagcccagtcxagactattc^ 

aaatagcgcaccctgaagaagatttattt^^ 

gagcggaaagatgttttgttctacatccag^acaacctctgctaaaattc^ 

tatctacaaggtgtggrataatgtgtggaat^^ 

caagcgaattctgtgtttcggtgattccctgacctggggctgggtcccc^^ 
35 ccoxgacgtgcgrtggaccggtgfgc^ 

(^caccacc^catcgacgpcccca^ 
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gccgctcgaa^gatcatcatgctgggaiccaacgacaccaaggcctac^ 
tgggcatgtcggtgctcgtc^cgcaggtgctcaccagc^cgggcggcgtcggcaccacgtacxx;gg^ 

gtggtetegccgccaccgctggcgcccatgw 
tgagctegcccgcgtgtacagcgcgctcgcgtcgtU^^ 
5 acggcgtcgacggaatcracttcaccgaggccaacaalcgcg^ 
(Agtaaaaggatccccagcttgttgatacacteatgcttttnfntaggffl 
a(%taagattacgggtcgaccgggaaaaccriggcgttaccc^^ 
tggcgtaatagcgaagaggcccgcaccgatcg<xcttaxaacagttgcgcagcctg^ 

gtttecggcaccagaagcggtgccggaaagctg^ 
10 actggcagatgcacggttacgatgcgcccatctacaccaa<^aadcte 

acggagaatccgacgggttgttactcgctcacat^^ 

ttttgrtggcgttaactcggcEtttaitc^^ 

ctgaatttgacctgagcgcatttttacgcgccggagaaa^ 

tafctggaagatcaggaMgtggcggatgagcggcatWrc^ 
15 cagcgamccatgttgcxactcgctttaatgatgaWc^^ 

agttgcgtgactacctacgggtaacagtttctttatggcagggtgaaacgcaggtcg^ 

ggtgaaatMcgatgagcgtggtggttatgccgatcgcgtcacac^ 
■ cgccgaaatax^tctctatcgtgcggtgg^ctgcacaocgwgacggwcgc^ 

atgU^gtttccgcgaggtgcggattgaaaatggtct^^ 
20 cgtcacgagcatcatcrtctgcatggtcaggtcatggatgagcagacgatggtgcaggat^ 

caactttaacgccgtgcgrtgttcgcattatc^^ 
tggtggatgaagccaatattgaaacccacggratggtgccaatg^ 

atgagcgaacgcgtaacgcgaatggtgcagcgcga^ 

aggccacggcgctaatcacgacgcgctgtatcgctg^^ 

25 gcggagccgacaccacggccaccgatattetttg^^ 

ccgaaatggt<xatcaaaaaatggcfflcgcta<^ 
gggtaacagtcttggcggmcgctaaatactggcaggcgtttcgtcagtatccccgttta 

a a£g^ggat^^«gattaaatatgatga^ 

ccgaac^atcgccagttctgtatgaacggtdggtctttgcc^ 

30 ccagcagcagtttttccagttccgttta^^ 

acgagctcctgcactggatggtggcgctggatggtaagccgctgg^^ 

ggtaaacagttgattgaactgcctgaactaccgcag^ 
accgaacgcgaccgcatggtcagaagcxgggcacatca^ 

cgctccccgccgcgtcccacgccatcccgcatctgaccaccagcgaaatggattmgcatcgagctgg 
35 tggcaatttaaccgccagtcaggcmcmcacagatgtggattggcgataaaaaacaactgctg^ 
tcagttcacccgtgcaccgctggataacgacattggcgtaagtgflagcgacccg 

gaggaaggcggcgggccattaccaggx^^ 
attacgaccgcteacgcgtggcagcatcaggggaaaa 
tcaaatggcgattaccgttgatgttgaagtggcgagcgatacaccgpatecggcgcgga 
40 cgcaggtagcagagcgggtaaartggcteggattagggccgcaagaaaactatc^ 
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garcgctgggattfgccattgtcagacatgtataccrc^ 

cgaattgaattatggcocaaicra^ 

aaaccagccatcgccatdgctgcacg^ 

gacgadectggagoccgtcagtatc^ 
5 aaaataataataaccgggcaggccatgtctgcccgtatttcgc^ 

cggtggaaacga^tcatcatttccttccgaaaaaacggttgcatttaa atcttacatatgtaatactttcaaagactac 

atttgteagatttgatgtttgagtcggct^^ 

tgtagggatagtggaaagagtgcttcatctggttacgatcaa tc aa at attcaaa 

cagtaacgttatacgaigtcgcagagtatgccg^ 
10 gtttctgcgaaaacgcgggaaaaagtggaagc^^ 

ggcgggcaaacagtcgttgctgattggcgttgccac^^ 

ttaaatctc^cgccgatcaactgggtgccagcgtggjggtgtcg 

gcggtgcacaatcttctegcgcaacg^ 

ggaagctgcctgcactaatgttcc^ 
15 atgaagacggtacgcgactgggcgtggagcatctggtc^ 

agttctgtetcggcgcgtctgcgtrtgg 

ggaaggcgactggagtga^tgtccggttttcaacaaaocatgcaaatg^ 

tggttgocaacgateagatggcgctg^^ 

gtagtgggatacgacgataccgaagac^gctcatgttatatcccg<xg^ 
20 ggggcaaaccagcgtggarcgcftgctgc^^ 

tggtgaaaagaaaaaccaccctggcgcccaatacgc^^ 

gcacgacaggmcccgactggaaagcgggcagtgagcgcaacgcaattaatgtgagttagg 

gtcgtcggtgatgacggtgaaaacctctgacacatgcagtf^ 

gagcagacaagcccgtcagggcgcgtcagcgggtgtt^ 
25 gcggagtgtatactggcttaactatgcggcat^ 

acagatgcgtaaggagaaaatarcgcatcaggcgctc^ 

ctgcggcgagcggtatcagctcactcaaaggcggtaatacgg ttatc^ 

gtgagpaaaaggccagcaaaaggccaggaaccgtaaaaag^ . 
acgagc^cacaaaaatcgacgctcaagtcagaggtggcgaaacccgacaggactataaagate 

30 ggaagctccctcgtgcgctctcct^^ 

ggcgrtttctcaatgctcacgctgte 

cccccgttcagcccgaccgctgcgc^ 

rtggcagcagccactggtaacaggattag^ 

ctacggptacactagpaggacagtam^ 
35 c^atccggcaaacaaaccaccgctggtagcggtggtttttttgWgca^ 

tcrtcaag&agatccmgatctmctacggggt^ 

aaacttggtctgacagttaccaatgc^atcagtg^ 
gcctgariccccgtcgtgtagataa^ 
40 cccacgrteaccggctceaga 
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tatccgcctccatccagtctattaattgtt^ 

gttgcxattgrtgcaggcatcgtggtgtcacgctcgtcgmggtatggcttcattcagctccggttcccaacgatcaag 
gcgagttacatgatcxcccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgttgtcag^ 



actggtgagtartcaaccaagtcattctgagaatagtgtaigc^ 
taataccgcgccacatagcagaartttaaaagtgrtcatrattggaaa^ 

ta wgcAgttgagatccagttcgatgtaacccartcgtgcaccx^actgatcn rflgcatcttttactttcaccagcgtt 

tctgggtgagraaaaacaggaaggcaaaatgrcgraaaaaagggaataag^ 

cttcctttttmtattattgaag<atttatcagggttattgtctcatgagc^ 

ataaaraaataggggttccgcgracarttccccgaaaagtgc^^ 

aa*ataaaaataggcgfetcacgaggccctttcg ta 

caccaateagtgcaaaaaaagatataatgggagataag 

gaaacagcaaagaatggcggaaacgtaaaagaagttatgga 

gcagtatrttaaaattttgtataataggaattgaagttaaaitagatgc^ 

atgaacaaaaatataaaatattctcaaaactttttaacgagtgaaa 

aaaagaaaccgataccgtttacgaaattggaac^^ 
taacgtctattgaattagaragtcatctattcaacttatcgtcagaaaaattaaaadgaata 

caccaagatattctacagmcaattccctaacaaacagaggtataaaat^gg 

acaaattattaaaaaagtggtttttgaaagaatgcgte^^ 

ccttggatattcaccgaacactagggttgctcttgcacactcaagtctcga^ 

tgctttcatortaaaccaaaagtaaacagtgtcttaataaaacttac^ 

gaagctatatacgtacmg^ttcaaaatgggtcaatcgagaatatcgtc^^ 

caatgaaaracgccaaagtaaacaatr^ 

maacgggaggaaataattctetgagcgctfflgtaaam 

tattaggtatac^ctgacagcttccaaggagctaaagagg^ccctagartctag^ 

tggtaalgactctctagcttgaggcatcaaa 

tttgtcggtgaacgctctc^gtaggacaaat^^ 

-tgcgtttctecaaactcrtgttaactctag^ . 
tcagaacgctcggttgccgccgggcgttttttatgcagcaatggcaagaacgttgctctaga (SEQ IDNO:136) 



The construction of pAH503 was confirmed by RFLP and pNB activity assays. 
The pSPAC-RBS-phd DNA cassette was isolated as a BglWSmal digest and flien 
subcloned into the replicating plasmid pBHl, digested with BamHVEcoRV (See e.g^ EP 
0275509) to create pAH505 (See, Figure 14). The complete sequence of the plasmid is 
provided below. 
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gatcftccaagatatcxtaacagcacaagagcggaaagatgttt^^ 

tgcaaaaagttgttgactttatctocaaggtgtggcataatgtgtg^ 

aattcratggccaagcgpattctgtgmcggt^^ 



cgcgcgcaccaccaacatcgacgaccccaccga^ 
ctgccgctcgacctgglgatcatc»tgctgggcaccaacgacaccaaggc^ 
ggcatgtcggtg^cgtcacgcaggtgrtcaccagcgcgggcggcgtcggcaccac^ 
ctcgccgccarcgctggcgcccatgccgca^^ 




10 

atcgcatgcggtacctctagaagaagcttgga 

ctaaaaagaacgaatttgflactaactcataaccgagaggt^^ 

aaaaagcacctgaaaaggEgfetttttttgatggt^ 

gctgaaaggtgcgttgaagtgttggtatgtatgtgtt^^ 
15 aaagttataagtgac& a a c aaa ta a c taaatagatg^ 

tcaagggttttagtggacaagacaaaaagtggaaaagtgagaccatggagagaaaagaaaato^ 

tctgratnttrttgaa^qflftflggrt^ 

agaaagttgtatcgagtgtggtmgtaaatcxxi^^ 

caaaaggttgttgctg^ag^ttaaacaaaagccaacagttcgtt 
20 gaattaaataagagtttgtcagatatggct^ 

cgtgcaacggaagtggcaataaataatflflflgfltflfltt^^ 

gaatacagaaaactacgtgaatcaaaaac^tggattcaattttggaaaaaggcaa^ 

tcaaatgattcgaccgaaaaataaatataaatcggatatara^ 

ttttatgaccgatgatgaagaaaagaamgaaacgm 
25 gmgttaaaagaaatacataaaaaattaaaocttgatgacac^ 

atgaagatggattttctattattgcaatgtggaatt^ 

tgaagattagatgctataattgttatta^ 

caaatatte^tttagaaaagcaaatctaaaattatctgaaaagggaatgag^ 

aaagaatgaagattgttcatgaaattaaggaacg^ 
30 gtcgtcagactgatgggccctattcggatattgagatgatg^gtgtcatgtcaaca^ 

accggtgagtggaaggtggaagtgaatmgatagcgaagagattctactagattatgcatctcaggtggaatcagat^ 

acacatggtcaatttttctctatmgccgatttatgattcagg^ 

caaacgttccacgatgcgamgtgcccttatcgtagaagagdgmgaat^ 

wgacaac^mctaccatccttgactgtacaggtagcaatggcagg^ 
35 gagcgcttcggtcttaartgaagcagttaagcaatcagat^tcctt 

fficcgartctgagaaacttctggaatcg^ 

gatgtgtcaaaacgcataccattttgaacgatgacctctaataattgttaat 

attatcatggctg^catggcgcattaacggaataaagggtgtgcttaaatcggg a ta aga a a a a ggaftaattatg 

agcgaattgaattaaiaaiaaggtaatagatttacatte^ 
40 ttgccagtcggggaiattaaaaagagtataggtttttattgcgat^ 
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ctaatgtgtaatgaggttcggattcatctatgggaggcaagtgatgaaggctggcffl 
gtgcggagtcgtttattgctggtactgctagttgccgcattgaagtagagggaattga^ 
attttgcaccccaatacatcattaaaagatcagtggtgggatgaacgagacm 
ttttcaacaaataaaaagrtaaaatctattattaatct^ 
5 gtatcttttttattttgagtggtttt^ccgttacactagaaaaccgaaaga 

ctagacaaaacggacaaaataaaaattggcaagggtttaaaggtggagatttt^ 
tgctgatttttaaacgagcacgagagcaaaaccccccmgctgaggtggcaga 
aagaaaggtcttaaaggttttatggtmggtcggcact^ 
ttatactttacttggaagtggttgocggaaagagcgaaaatgcctcacattt^^ 
10 gcagtttgtagaatgcaaaaag^aatcagggg (SEQK)NO:137) 

The ligation mixture for pAH505 was transformed into Bacillus subtilis pnbA. 
15 Correct transformants were verified by RFLP and sequencing of isolated plasmid DNA. 
One transfonnant was selected for analysis (B. subtilis pnbA/j>AH505). 

Expression of die perhydrolase in Bacillus was assayed using the pNB Activity 
Assay described herein, after growth of the desired strain in shake flask. The data 
showed that the perhydrolase was expressed in B. subtilis pnbA. 

20 

B. Intracellular Expression of the Perhydrolase in B. subtiBs pribA by 
Integration into the Chromosome 

25 An additional construct useful to determine expression of the perhydrolase (act) 

gene integrated into the chromosome of 2?. subtilis pnbA involved use of the spoVG 
promoter, which was found to drive expression of the perhydrolase gene in a non- 
replicating (Le^ integrating plasmid). In some embodiments, one site of integration is the 
aprE region of B. subtilis, although it is intended that integration occur at any suitable 

30 site. Indeed, it is not intended that the present invention be limited to this specific site nor 
this specific promoter, as various other suitable sites and promoters find use in the present 
invention. 
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The configuration of the promoter/gene at the aprE locus in the chromosome of 



10 



15 



20 



25 



30 



Bacillus subtilis was as follows: . . 

pAprB-aprE first 7 codons-translation stop-pSpoVG-ATG-perhydrolase gene from 



The clone was constructed as described below. The primers used were: 
Up5T 

caggctgcgcaactgttgggaag (SEQ ID NO:138) 
FuaprEAct34R 

agtagttcaccaccttttccctatataaaagcata^ (SEQ ID 

NO:139) 

FuaprEAct4F 

Aattgatacac^tgcttttatatagggaaaaggtggtgaaclactatgga^cgaattctgtgtttcggtg (SEQ ID 
NO:140) 

BsroI-DnAct504R 

gtgagaggcattcggatccttttacagcaggctccg (SEQ IDNO:141) 

PGR fusion is a techniq ue well known in the art, in whi ch two or more fragments 

of DNA are generated either by restriction digest or by PCR amplification. The 
fragments have overlapping segments, usually at least 1 8 bases long. In the instance that 
two fragments are used, the 3' end of fragment #1 has an overlapping sequence with the 
5' end of fragment #2. The two fragments are used as template in a PCR reaction in 
which the primer set used hybridizes to the 5' end of fragment #1 (forward primer) and 
the 3' end of fragment #2 (reverse primer). During the amplification, the two regions of 
overlap hybridize forming a single template from which the two primers can amplify a 
full length fragment, a "fusion" of fragments #1 and #2. Multiple fragments of any length 
can be used in such a reaction, limited only by the ability of the chosen polymerase to 



second codon 
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amplify long DNA pieces. 

In the current example, the above construct was made by PGR fusion of two PCR 
products the above construct was made by PCR fusion of two PCR products. The first 
was a construct with the spoVG promoter added upstream of the^W gene. The second 

5 was the aprE promoter and first 7 codons oiaprE, followed by a stop codon. Regions of 
20 bp overlap were added on the 5' and 3' ends of the products respectively, to allow the 
PCR fusion reaction. The primer set FuaprEAct4F/BsmI-DnAct504R was used to 
amplify the perhydrolase gene from pAH505 as described above, which added the spoVG 
promoter sequence (contained within the primer) to the 5* end of the gene and changed 

10 the start codon from ATG to GTG. To create the second product (pAprE plus the first 7 
codons of aprE) for the fusion, the primer set Up5'F/FuaprEAct34R was used to amplify 
a fragment from pBSFNASally. Figure 15 provides a map of this plasmid. The complete 
sequence of pBSFNASally is provided below. 

15 ctaaattgtaagcgttaatatmgtt^ 

cccttataaatcaaaagaatagaccgagatagggttgagtgttgttcra 
caacgtcaaagggcgaaaaaccgtctatcagggcgatggcccactacgtgaacca^ 

tgccgtaaagcactaaatcggaaccctaaagggagcccrc^ 
aggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagc^ 

20 gccgcgcttaatgcgccg<^cagggcgcgtcccattegccam^ 

— acttcgctattaegccagctggcgaaagggggatgtgctgcaaggcgattaagtt 
gttgtaaaacgacggccagtgagcgcgcgtaatecgactcactatagggcgaattg^ 
gaactagtggatcccccgggctgc^ggaattctccatWcttctgctatcaaaataa 

aaaagcctctgccccttgcaaatcggatgcctgtctotaaaattcc^ . 

25 atgtcmgcttggcgaatgttcatcttam^ 

ttatcatcatgctttgaaaaaatotcacgataatotccattgttrtcacggM 
aatttgcCTggactcaggagcatttaacctaaaaaagcatgacan^ 
atgaaaatagttamcgagtctctacggaaatagcgagagatgat^^ 

ctaaaatattattccatetattac^^ 
30 gtgagaagcaaaaaattgtggatcagtttgctgtttgctttagcgttaatctttacgatggcg^ 

ggcagggaaatcaaacggggaaaagaaatatattgtcgggtttaaacagacaat^ 
atgtcamctgaaaaaggcgggaaagtgcaaaagcaattcaaatatgtagacgragctto 

aaagaattgaaaaaagacccgagcgtogcttacgttgaagaagatcac 



183 



PCT/S^^^O^^S PCT/US2004/040438 
GC821-2 O 



gtatcacaaattaaagcccctgctctgcactctcaaggctacactggatc^ 

ctcacgttgccggcacagttgcggtf^^ 
trtcggtgctgacg^tccggccaatacagrtggatcattaacggaatc^ 

5 tgagcctcggc^pccttctggttctgc^ . 

ccggtaacgaaggcacttccggcagdcaagcacagtgggctaccctggtaaat^ 

agcagcaaccaaag^gcatctttctcaagcgtaggacx*^^ 

tggaaacaaatac^gcgttgaacggtacatc^tggcatetcc 

^gaa^gga r^fl^rt cfflacfccc^^^ 
10 atcaacgtacaggcggcagctcagtaaaacat a a a a a areffiyxrttggccccgccggUlll^ 

atwgctccataate^cggatggctccctctgaaaattttaacg^ 

agtcctgaaacgtcteaatcgccgc^^ 

acagaaatgtattgcaatcttcaactaaatccattt^ 
15 . cagtetactfficxatgttataara^ 

gttttttactagtcatttaaaacgatacattaataggtacg aa aaag<^ 

gtaactagcctcgreggcaatagttaccctto^ 

acaaaagaccacattttttaatgtggtctttatt^ 

tttaaaatatatatttatgttacagt^^ 
20 actttagataaaaatttaggaggcatatcaaatgaactttaataaaa^ 

fflgaaccaacaaacgacttttagtataaccacagaaattggtattagtgtttta 

ccctgc^tttattttcttagtgacaagggtgataaactcaaataca 

ggataagttagagccactttatacaattmgatggtgtatctaaaacatt 

ttttatgatttataccmctgatgtagagaaata^ 
25 ctattatt(xatggacttcatttartgggtttaacttaaa 

ttaataaaggtaatlcaatatattte^ 

tcaggaattgtcagataggcctaatgactggcttttataatatgagataatgccga^ 

acctgccccgttagttgaagaaggtttttatattacagctoc^ 

ccaattgctttaitfflcgttgagcctog^ 
30 cattcgtctgcaagtttagttaagggttcttctc^ 

gatagcaaaaaalgpcattccaatacaaaaccaca^ 

gactcgtgattttccaaacgagctttcaaaaaa^ 

cagcggcgcaatggcggccgratctgatgtc^g 

ctmctgtaaagtttatttttcagaatac^tttatcatcatgc^ 
35 aggtcatttgaac^tttmcgaraggaamgccggga^ 

ratttactcatgtcfatmcgttc^ct^ 

gataaaatcatcteaaaaaaatgggtctoctaaaatattatt^ 

gaatttttttatcaagcttatcgataccgtcgacctcgagggggggcccggtac^ 

cgcftggcgtaatatggtcatagctgttt^ 
40 agtgtaaaga^gggtgcctaatgagtgagctaactcacattaat^ 
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cgtgccagctgcattaatgaatcggccaacgcgcggggagaggcggmgcgtattgggcgctcttccgctt^ 
tcgctgcgctcggtcgttcggrtgcggcgagcggtatcagctcactcaaaggcggtaatacggttatccacagaatcaggggata 

acgcaggaaagaacatgtgagaiaaaggccagcaaaaggc^^ 

ctccgcccccctgacgagca tracaaaaat cg^^ 

5 gtttccccctggaagct<xxrt<#gcgct<^^^ 

gtggcgc^ctratagrtaicgctgtaggtatctcagttcggt^ 

gttragcccgaccgctgcgccttatccggtaactatc^ 
cactggtaacaggattagcagagcgaggtatgtaggcggtgctacagag 

aggacagtetttggtatctgcgctctgctgaagccag^ 
10 gctggtagcggtggttttWgmgcaagcagcagattacgcgcagaaaaaaaggatctcaa^ 

ggtctgacgetoigtggaacgaaaactcacgttaaggg^ 
taaaaatgaagttttaaatcaatctaaagtatatatgagtaaacttggtc^ 

gcgatctgtctamcgttcatccatag^ 
gtgctgcaatgataccgcgagacccacgctc^ 
15 agaagtggtcctgcaa(rtttata^cctocatccag^ttaattgtt 
gcgcaacgttgttg«»ttgctacaggcatcgtggtg^ 

aggcgagttacatgatcxxccatgttgtgcaaaaaagcggttagctccttcggtcctccgatcgt^ 
gtgttatcactcatggttatggcagcactgrataattctcto^ 

ccaagt<»ttctgagaatagtgUtgcggcgaa^agttgct(^gcocggcgteaatacgggata^^ 
20 aactttaaaagtgctcatcattggaaaacgttcttcggggcgaaaactctcaaggatcttaccgctg^ 
<xcactcgtgcacccaactgatcttc^ 

aaaaagggaataagggcgacacggaaatgttgaatactcatactcttcctttttcaato 

atgagcggatacatettgaatgtatttagaiiaaa^ (SEQ 
E>NO:142) 



25 



30 



Tbe^two PCRiroducts were subjected^ fusion PCR as known in the art to create 

the 1.5 kb fusion. The resulting fusion product was then cloned into PCR2.1TOPO to 
produce pCP609 (See, Figure 16) and sequence below). 

caggctgcgcaactgttgggaagggcgateggtgcg^ 
ggcgattaagttgggtaacgccagggttttcccagtcacgacgtt 



gctataumtaacagactcgtgattttc^ 
35 ccgatettggttaimcagcggcgcaatggcggcc^^ 
atttmcattctatccctmrtgtaaagtttattW 
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mcagcataatgaacatttac^catgtctatmcgttctmctgtatgaaaatagtta 
tatacctaaatagagataaaat^atrtre? ? a a a tgggt ctactaaaatattattccatctaitac 
aagtaagtctactctgaattttttto^ 



ggtgatcgaggagggactgagcgcgcgcaccacc^ 
gccgtcgtgcctcgcgacgcacctgp^ 
caccccgrtcgacatcgcgrtgggcat^ 
cggctcccaaggtgctggtggtctcgcc^ 
10 agc^gaagaccactgagctcgax^cgtgtacagcgcgctcgcgtcg^catgaaggtg 



cag 

agcctgctgtaaaaggatccgaatgcctctcacaagggcgaat^ 

ctagagggcccaattcgccctalaglgagtcgtattacaatt^ 

ttacccaacttaatcgccttgcagcacatcccccttt 
15 cagttgcgcagartg^atggcgaatggacgcgccc^gtagcggcgcatt^ 

acxgctaracttgccagcgccctagcgc^ 

tcrtaaatcgggggctccctttagggttrc^ 

agtgggccatcgccjctgatagacggttmcgcccmgacgtt 

aacartcaaccctatctoggtctattc^ 
20 aatttaacgcgaattttaacaaaat^ 

gtgctga<xxx:ggatg^atgtcagctactgggctatctggacaa 

gtgggcttacatggcgatagctag3ctgggcggttttatggacagcaagcgaacxg^ 

aggttgggaagccctgcaaagtaaactggatggctttcttgccg 

gacaggatgaggatcgmcgcatgattgaacaagatggattgcacgcaggttctccffi 

25 atgactggg<*c^cagaca*te^ 

accgacctgtwggtgaxtgaatgaactgcaggacgaggcagcgcggctatcgtggctg^ 



ccttgctcctgccgagaaagtat^^ 



30 aggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcatgcccgacggcga^ 
tgcctgcttgccgaatatcatggtggaa^ 

ggacatagcgttggctacccgtgatattgctgaagagcttggcggcgaatgggct^ 
ctcccgattcgcagcgcatcgccttc^ 
gtgtcgcccttattcoctttmgcggcatmgccttcct 
35 agttgggtgcacgagtgggttacatcgaa^ 
tgatgagcacttttaaagttctgcta^ 

attctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggat 
ccataaccatgagtgalaacactgcggccaacttac^ctgacaacgatcg 
atgggggatcatgtaaetcgcctt^ 
40 cctgtagcaatggcaacaacgttgcgcaaactottaactggcgaa^ 
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gaggcggataaagttgraggaccatmctgcgctcggcccttccggctggctggtttatt^ 

tgggtctcgcggtatcattgwgcactggggc^ 
actatggatgaacgaaatagacagatcgctgagata^ 
tactttagyrttgatttaaaadtcatttttaatttaaaagg 
agtmcgttccactgagcgtcagaccccgtagaaaagatcaaaggatcrttcttga 



gagcgcagataccaaatactgttcttctagtg^ 
ctctgctaatcrtgttaccagtggctgctgccagtggcgataagtcg^ 



10 a cagcgtgagctatgagaaagcgccacg<ttcccg^ 

aggagagcgcacgagggagctt<x»gggggaaacgcctggtatctttatagtc^^ 

cgatttttgtgatgtfegtcaggggggcggagec^ 
ccttttgrtcacatgttcmcctgcgttatcccctgattctg^ 
eccgaacgaccgagcgcagcgagtcagtgagc^^ 
15 ggccgattaittaatgcagctggcac^^ 

cact(»ttaggcaccccaggctttacactttatgcttccggc^ 



(SEQIDNO:143) 

The plasmid PCP609 was digested with BammiXmaUo release the fragment 
containing the pAprE^-stop^SpoVG^W bonstruct and ligated into pBSFNASaUy 
digested with XmaVBca to give the plasmid pCP649. Figure 17 provides a map of 
pCP649. The complete sequence of pCP649 is provided below. 



taeaactagtggatoa*cgggctgcaggaa 
aaaaaagcctrtgccccttgcaaatcggatgcctgtctataaaattc^ 

tgatgtctttgcttggcgaatgttcatcttatt^^ 
ttttatcatcatgctttgaaaaaatatcacgataatatccattgttdc^^ 
30 aiattt^gggactcaggagcatttaaartaaaaa^ 
gtatgaaaatagttatttcgagW^ 
tactaaaatattattccatctottac^^ 

agtgagaagcaaamttgtggatctgmttgatacactaatgcttttatataggg^ 
attrtgtgWcggtgattaxrtgacctggggctgggtccccgtcgaagacg 
35 " " "™~° aar * 



cgacgaccccaccgatccgcggctcaacggcgcgagdacctgajgtcg^ 
tcatcatgctgggcaccaacgacaccaaggcctactt^ 
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cgcaggtgctcaccagcgcgggcggcgtcggcaccacgtacccggctcccaa 
gcccatgccgcacccctggft^ 

tcgcgtcgttcatgaagg^gccgttcttcgacgcgggttcggtgatcagcaccgacggcg^ 
caacaatcgcgatrtcggggtggccctcgcggaacaggtgcggagcctgctgt^ 

gaattdgcagataiccatcacart^ 

ttctaaagttttafa^ctacaaaagacagaaatgtattgca^ 

ctgaaatacttgatttctttgttttttctcagta^ 

aaagttgctttttoccctttctatgtatgttttttact^ 

aac^gtcataccaataacttaagggtaactagcctcgccggcaatagtto 

cga^attggataaagtgggatatttttaaaatatatattta^ 

cagacaagtaagcctcctaaattcac^ 

agagaaaagagatatttaatcattatttgaac^ 

taaaacaagaaggatataaattttaccctgcatttattttcttagtga^ 

atagcgacggagigttaggttattgggataagttagag 

aoc^^g^^ 

tacccattattacagcaggaaaattc^ttaataaaggtaattcaatatatto 
atcatge^ggattgtttatgaac^ctattcaggaattgtcagataggcctaatgart 
tttttacagtcggtmctaatgjcacta^ 
aaccgacttctccttfficgcttc^ 

cggcttaatagc^cgctatgccgacattcgtctgcaagtttagttaagggtt 
cgtggtctaatttttatttttaataaccttgate^ 
aattcctccatttU^ctgctatcaaaataacagactcgtg^ 
tgcctgtctataaaattcrc^ 
fficttcxrtccctetcaataat^^ 
-^taatatccattgttctcacggaag^ 
acxtfaaaaaagcatgacatttcagcataatgaacatt^ 

atgatataccrtaaatagagataaaatcatctcaaaaaaatgggtcta 



aattcacagaatagtctmaagtaagtctactrtgaatttttttatcaa 

ccagctmgttccctttagtgagggt^^ 

aattccacacaacatacgagccggaagcataaagtgtaaagcctgggg^ 

gcteactgcccgcfflccagtcgggaa^ 

gtattgggcgctcttccgcttcctegctcactgartcgctgcgpte 

gcggtaatacggttatccacagaatcaggggataacgc^ggaaagaacatgtgagcaaaaggccag 

gtaaaaaggccgcgttgctggcgttmccatag^ 
gcgaaacccgacaggariataaagataccaggcgffi^ 



35 



cgctccaagctgggctgtgtgcacgaaccccccgttcagcwg 
40 ggtaagacacg*cttategccactggc 
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cttgaagtggtggcctaactacggctacactagaaggacagtamggtatctgcgctctg 

agttggtagctcttgatccggcaaacaaaccaccgctggtagcggtggtttttttgW 

aggatctcaagaagatcctttgatcttttctacggggtctgacgctca^^ 

ttatcaaaaaggatcttcacctagatccttttaaatta aa a atg^agttttaaatcaatctaaagtatatatgagtaaacttggtctgaca 
5 gttaccaatgcttaatcagtgaggcacctatctcagcgatclgtctatttcgttcatccato 
ctacgatacgggagggcttaccatctggccccag^gctgcaatgataccg 
aataaaccagccagccggaagggccgagcgcagaagtggtcctgca^ 
gaagctagagtaag^agttcgccagttaatagtttgcgcaacgttgttgc^ 
gtatggcftcattcagctccggttcccaacg^ 
10 gtcctccgatcgttgteagaagtaagttggccgra^ 

ccgtaagatgcttttctgtgactggtgagtactcaaccaagtcat^ 

gtcaatacgggataataccgcgccacatagragaactttaaaagtgc^ 

ggatcttaccgctgftg^tcca^ 

ggtgagcaaaaacaggaaggcaaaatgccgca a a a a aggga ata a gggcgacacggaaatgttgaatactcatactcttcctttt 
15 tcaatattattgaagcatttatcagggttattgtctcatgagcggatacatatttg^ 

cgcacatttccccgaaaagtgccacctaaattgtaagcgttaatattttgtta 

accaataggccgaaatcggcaaaatcccttataaatc^aaagaatagaccga^ 

agtccactattaaagaacgtggactcraacgtcaaa 

ccctaatcaagtttmggggtcgaggtgccgtaaag^ 
20 gaaagccggcgaacgtggcgagaaaggaagggaagaaagcgaaaggagcgggcgctagggcgctggcaagtgtagcggt 

cacgrtgcgcgtaacraccacacxxgcxsgcgcttaatgcgccgctacag 

ttggg^gggcgatcggtgcgggcctc^cgctattacgccagctggcgaaagggggatgtgctg 

aacgccagggttttcccagtcacgacgttgtaaaacgacggccagtgag 

gctccaccgcggtggqjgcegctc (SEQ ID NO: 144) 

25 

All constructs were confirmed by sequence analysis. PCR reactions were done 
using Hercules polymerase (Roche) as per the manufacturer's directions. 

pCP649 was transformed into B. snbtilis comKpnbA and integrants selected on L 
30 agar containing chloramphenicol (5^ig/ml). The activity of the expressed perhydrolase 
was determined by the pNB activity assay as described herein. The results indicated that 
the perhydrolase was expressed and active 



35 EXAMPLE 7 

Expression of the Perhydrolase in Streptomyces. 
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In this Example, experiments conducted to assess me expression of the 
perhydrolase in Streptomyces are described. To test expression of die perhydrolase in 
Streptomyces, a replicating plasmid was constructed with tiiephd gene Being expressed 
from either toe glucose isomerase (GIT) or the A4 promoter (See e.g., 

5 US/PC T / filed November 18, 2004, herein incorporated by reference). 

However, it is not intended that toe present invention be limited to these specific 
promoters, as any suitable promoter will find use with the present invention. Also, 
although toe drain used for perhydrolase expression in this Example was Streptomyces 
lividans TK-23, it is contemplated that any Streptomyces will find use in toe present 

10 invention. 

The Streptomyces strains were transformed and manipulated using methods 
known in toe art (Seee.g., Kieser et al, Prnrriffll StrpptnmyrffS fimflrins, John fanes 
[2000]). 

15 

Construction of pSECGT-MSAT and pSECA4-MSAT 

Using standard methods known in toe art, ibephd coding sequence (See, Example 
4) was cloned into pSECGT to place toe gene under control of toe GI promote. 
Simuarly^toe gene was*loned4n4he4^epl^^ usmg methods 

20 known in toe art (&e eg.. US/PC T / . filed November 18, 2004, herein 
incorporated by reference). Transformants were first selected in E. co/i, verified by 
sequence analysis, and then transformed into S. lividans TK-23 using methods known in 
the art (See e.g, Kieser et al., [2000], supra). The correct clones expressed from toe GI 
promoter and toe A4 promoter were designated "pSECGT-MSAT" and "pSECA4-phd" 

25 The sequence of pSECGT-MSAT is provided below, while Figure 18 provides a map of 
the plasmid. 

ctagagtcgaccacgcaggccgccaggtagtcgacgttgatctcgcagccgagcccgg^ 
aggccgacggcgggacggccggcaccggtocgcggtggcgggtcgagttcggtgagcagcccaw 
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acgagcgcggagacggtggcccgggtgagcccggtgacggcggcaactooc^ 

acggfatgcagcaccagcgcgagattatgggctcgcacgrt^^ - 

ccgtcacgcccttgacaatgccac^ 

caagcgaattctgtgmcggtgattccctgacct 

cgacgtgcgctggacx^gtgtgctggcccagcagctcggagcggacttcgaggtga^ 
caccaacatcgacgaccccaccgatocgcggctcaacggcgcgagct^^ 
acctggtgatcatcatgctgggcaccaacgacaccaaggcctacttc^ 
tgrtcgtcacgcaggtgctcaccagcgcgggc^ 



1 0 cagcgcgctcgcgtcgtteatgaaggfere^ 

accgaggccaacaatcgcgatctcggggtggccctcgcggaacaggtgcggagcctg^ 



g^ggcagtatcagcgccatgtccggcatatcccagccrt^ 
tgaaattgttatccgctcacaattccacacaaratacgagccggaa 
15 actcacattaattgcgttgcgctcac^cccgcfflccagtcgggaa 



gtatcagctcactcaaaggcggtaatacggttatccara^ 

gcaaaaggccaggaaccgtaaaaaggccgcgttgctggcg^ 

acgctcaagtcagaggtggcgaaacrcgacaggacta^^ 



tcagttcggtgtaggtcgttcgcta^gctgggctgtgtgcacgaacccco^ 



20 



taggcggtgctacagagttcttgaagtggtggcctaactacggctacacta 
cagttaccttcggaaaaagagttggfcgctcttgatccggc^ 

25 agattacgcgcagaaaaaaaggalctcaagaagatcctttgatctttt^ 
aagggatffiggtcatgagattatraaaaaggatcttra^ 
tgagtaaacttggtctgacagttaccaatgrttaatcagtgaggcac^ 
actccccgtcgtgtagataactacgatacgggagggcttaccatrt 
ccggctccagatttatcagcaataaaccagccagocggaagggccga^ 

30 agtctattaattgttgrcgggaagctagagtaagte^ 
gtgtcacgctcgtcgffiggtatggctta^ 
aagcggttagctccttcggtcctccgatcgttgt^ 
ttotcttactgtcatgcsatcc^^ 
gagttgctcttgcccggcgtcaatacgggataataccgcgccacat^ 

35 ggggcgaaaartctcaaggatcttaccgctgttgagat^ 
acfflcaccagcgtttctgggtgagqaaaaa 
aatactcatactc^cctttttcaatattattgaagcatto^ 
aaacaaataggggttccgcgcacatttcxxx^gaaaagtgccacctgac ^ 
aataggcgtatcacgaggccctttcgtrfcgc^^ 

40 gtcacagc 
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gcttaactatgcggcatcagagcagattgtact^^ 
taccgcatcaggcgccattcgccatt^^ 

tggcgaaagggggatgtgdgcaaggcgattaagttgggtaacgccagggtttt^^ 
gtaagcttgcatgcctgcaggagtggggaggcacgatg^ 
5 accacraxsggcggccctgctggaccacac^^ 



15 



35 



ccacccttttcgctgccgaacagcaaggccagpcgatccggattg 
c^catcagctgcataccgctg^ 
10 taacctcggctggccctttggagacgrc^^ 



gatatcgccgaacctggccgggcgagggacgcgggcgatgccgaatgtcttggcct^ 

gatcgaggagtcgatgaggcggaccgg^ 
gccgtagacctcgatgaactccaccccggccgcgatgctgtgcatgaggg^ 



cctaccggctgctgtgttcagtgacgcgattcctggggtgtgaca^ 
caccaacgcaaggggaagfcgtcgctdrtggcaaagrt^ 



20 gccatggccgccgccgacggcctggtcgccgccgccgcccgccggtte 



cgtgaacctggtccaggaccccaacggcggtggctggtccgccca^ 
gaccgctcggcttccagggcctcgtggc^^ 
gcggggctctcttcggccctccaagtcacaccagccc^ 
25 ccaggattcccacragaccaaagagcaa^ 

gggcgagaraggaacgttgrtcgtgcccagfrgtac^^ 
r^irtgcgggaccgc^ttgcccacacaccgggcaaacggccg cg^ 

cgggcgatcgcgcgtgtgacgcgagatgre^ 
ccctccgacctgcggmctccggacggggtggatggggagagcccgagaggc^ 

30 



cgtgcaagggcrtgcggccgcgccctgatggac^ 



40 



ggctcgcggacctcatggacgccctccaggg^ 

ctgatcacgggcggcacgtgggccggacgcxgggccaaggacgggcaccgg^ 

ggatcgggtacgtcggcatgatccgcgcgacc^ 

cgtcctggtcggcggccggaccgagggggagc^ 

cgacgagtggcaggggcactggcggtcxgtgtgg^ 

gcacggcgtcgacttcaagcggctggagacc^ 
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5 



25 



acggatcggggacctgaccggcggcatgarcgaggacgacgcc^^ 
gcacgagtacgagpgggcaacccggggacgccgggccatcgaatggacccgctao^ 




acggcgggggaggtggccgaggcgtacgccgacatgctc^^ 
acggcgagagcaggacgacgaccaggacgacgacgccgac^ 
gcaagtgggcccacttcgcactaactcgctcccccccgccgte 
cggcgacggcggocgggg^cgaagcc^cgggagtaatcctgggattactcgcccggg^ 




10 



ccgagatacgtcacgtgacgaaatgcagcagcctta^tcc^ 
gcccgctccggccctgccggacccccggctgcagctcgccc^ 
15 gcgtcggcggctectgcctcccccgcccggcgcc^ 

gtgggtgccgaagtgatcacggggaggatfgatgcacra^ 

cgcactgctc^ggtcggcgggacgc^gatcgtgcgggagctcctgggcctgtggcc^ 

gaxrtcgccctctacggaggcccgcrc 



20 cagcaggtgctccccagcaacccacgacggggctcagggtcgcctcacgcggctcagcaccgc 



gccgccttgatgacgtagggaaagttgtaccgcaaaaaacgra^ (SEQ ID NO: 145) 

Figure 19 provides a map of pSEGT-phdA4, while the sequence is provided 



below: 

ctagagatcgaacttcatgttcgagttc^^ 

ggtgacctggaggtaaagcaagtgacccttctggcggaggtggtaaggaacggggttc^ 
30 acggtcttgggaaggggagcttcngcgcgggggaggatggtctt^ 



gaattrtgtgmcggtgattccctgacctggggctgggtccccgtcgaagacggg^ 
gcgtfggacxggtgfgrtggcccagcagcteggagcgga^^ 



35 tgatcatratgctgggcaccaacgacaccaaggc^ 

cacgcaggtgctcaccagcgcgggcggcgtcggca<^ 
gcgcccatgccgcacccctggttccagttgat^ 
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ctgacxggagcggggaggaggacgggcggccggcggaaaagtxxgccggtccgct^ 
gcagtatcagcgccatgtccggcatatcxxagccctccgcatgccccg^ 
aattgttatccgctcacaattccacac^catacgagccggaagcataaagtgtaaagcctggggtgcctaM 
cacattaattgcgttgcgcrtrartg(xcg(^ccagtcgggaaacx^ 
5 ggagaggcggtltgcgtattgggcgctcttccgcttcctcgctcactg^ 
tcagctcactcaaaggcggtaatacggttaiccacagaatcag 

aaaggccaggaaccgtaaaaaggccgcgttgctggcgt^^ 
rtcaagtcagaggtggcgaaacccgacaggactataaagataccaggcgtttccccctgg 

cxgaccctgccgcttaccggatacx*^ 
10 gttcggtgtaggtcgttcgrtccaagrtgggctgtgtgcacgaaaxxrc^ 

cgtcttgagtccaacccgg^gacacgacttatcgc^ 

ggcggtgctaragagttcttgaagtggtggcctaac^cggctacactagaaggacagtatttg^ 
agttaccttcggaaaaagagttgg^ctcttgatccggcaa ac aa ac c^ 
gattacgcgcagaaaaaaaggatctcaagaagatccmg^ 
15 agggatfflgE^tgagattatcaaaaaggatcttcacctagatocttttaaattaaaa^ 

gagtaaacttggtctgacagttaa^tgcttaatra^ 
ctaxxgtcgtgtagataactacgatacgggagggrtfc^^ 
cggctccagatttatcagcaataaaccagccagccggaag^ 
gtctattaattgttgccgggaagctagagtaagfag^ 
20 tgtcacgctcgtcgmggfrtggcttcattcagctcc^^ 

agcggttagctccttcggtcctccgatcgttgtcagaagtaagttggccgcagtgttatca^ 

rtctoctgtcatgccatccgtaagatgctmtf^ 
agttgctcttgcccggcgtcaatacgggataata^ 

gggcgaaaartctcaaggatcttaa^rtg^ 
25 ctttcaccagcgmctgggtgagcaaaaaraggaaggcaaaatgccgcaaaaaagggaataagggc^ 

atactcatactcttccttfflcaatattattgaagcafflatcagggttattgtctcatgagcggatacate^ 

aacaaataggggttccgcgracattccccgaaaagtgaacc^ 

ataggcgtatcacgaggcccmcgtctcgcgcgtttc^ 

cacagct^trtgtaagcggatgccgggagcaga^goxgteagggcgcgteagcgggj 
30 cttaactatgcggcatcagagcagattgtactgagagtgcaccalatgcggtgtgaaataccgcaca^^ 

accgcatcaggcgccattcgccattcaggctgcgcaactgttgggaagggcgatcggtgcgggcctcttcgcte 

ggcgaaagggggatgtgdgcaaggcgattaagttgggtaacga»gggttttccca 

taagcttgcatgcctgcaggagjggggaggcacgatggccgctt^^ 

ccaccccggcggccctgrtggaccacacccggcac^^ 
35 gagcgtrcgaggaacacaggcgcttatcggttggccgcgag^ 

gaaacgttgagagactcggtctggctcatcatggggatggaaaccgaggcggaagacgcctcctc^ 

cacccttttcgctga:gaacag(^aggccagc^gatccggattgtcx»cgagttcctt 

gtcatcagctgcatacxgctgtc^gaatgaaggcgatggcctcctcgcgaccggagagaacgacgggaaggga 

aacctcggctggcccmggagacgccgg^ccgcgatgctgglgatgtcactgtcgaccagg 
40 cgagcgacgtgcgtactatcgcgccgatgttcxcgacgatcttcaccccgtcgagaacgacgacgtcccca^ 



194 



WO 2005/056782 ..^ 0 PCT/US2004/040438 . 

GC821-2 



35 



atatcgccgaacrtggccgggcgagggacgcgggcgatgccgaatgtcttgg 

atcgaggagtcgatgaggcggaccggtatgttctgccg^ 
ccgtagacctcgatgaactccaccccggccgcgatgctgt^ 
cgcgacggcttggtgacatcgatgatccgrtgcaccgcgggatc 
5 taccggctgctgtgttcagtgacgcgattcct^^ 

ccaacgcaaggggaagtcgtcgctactggc^ 
aagtattcgccttgatcagtcccggtggacgcgccagcggcccgccg^ 

gag<#ccacgtagacgttgcgtgagagcaggactgggcc^ 
catggccgccgccgacggcxtggtcgccgccgcxgcccgrcggttcg^ 
10 gcacttcgtgctggcgcaxgaxxcaccca«aggagaocga(xatgaoc 
tgaacxtggtccaggaccccaacggcggtggctggtrcgara^ 
ccgctcggcrtccagggcctcgtggccatcgctcgcc^ 

ggggctdcttcggccctccaagtcacaccagccccaaggggcgtcgggagtggcggagggaac^ 

aggattcccacxagaccaaagagcaacgggcxggacttcgca^^ 

15 gcgagacaggaacgttgctcgtgcccagagtacggag^ 

rtgcgggaccgcaattgcccacacaccgggcaaacggccgcg^tctactgctcagaccgctgccggat^ 

gcgatcgcgcgtgtgscgcgagatgccgcccgaggcaaaagcgaacaccttgggaaa 

tccgacctgcggtttctocggacggggtgg^^ 
gaccgaggctgcccgactgcggaaagccgcccggtacagccgccgc^ 
20 gcaagggctgcggccgcgccctgatggaccctgcctccggcgtgatcgtcgcccag^ 



tcgcggacctcatggacgccctccagggcacccggaagacgccg^ 

atcacgggcggcacgtgggccggacgccgggccaaggacgggcacxgggccgccgaccgcgagggcatccgagac^ 
25 tcgggtacgtcggcatgatccgcgcgaccgaagtcaTO^ 



gcgax^ccctagai^ 

30 atcggggacctgaccggcggcatgaccgaggacgacgccgccggggtcggctcgctggagtggaacct 



gaggattcggcggw^gggcgaacgggtgcgggaggtcrtggcgctggccgacgcggccgacacag^ 



gcgagag 
cgal^cggccgg^ 



40 
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ctatfgccgccagcgggcgtacgagg(xcggcgccagcgcgaggcgat^^ 

agatecgtcacgtgacgaaatgcagcagccttccstt^ 

cgdccggccctgccggacccccggctgi^^ 
cggcggctcctgcctaxxxgcccggi^gaccgggacccgcaaaaxxrttgatccg 



cgccctctacggaggcccgcccgcggcccgccggatagccgtcgcggt^ 
cacgatcgggcagccggatgacttggccacgac^ 

caggtgctccccagcaacccacgacggggdragggtcgcctcacgcggctcagcaccgcgacg^ 



10 _ 

cggcgatgcccgcagfcggcggagcaggcgcxacgtaaaccgcrcacc^ 

gcggcxgggccggagcggggcgaagacaggagcgtcggcxgggccgtgggccgggccgcgcggcccgctcgcgg 
ccttgatgacgtagggaaagttgtacxgcaaaaaacgcagc^gaactagttgcgatcct (SEQ ID NO: 146) 

15 Two colonies of S. Mdans TK-23 pSECA4-phd were inoculated in 10 ml of TS 

medium + 50 ppm thiostrepton and incubated at 37*C with shaking at 200 rpm for 2 days. 
Three mis of broth were used to inoculate 50 ml of Streptomyces Production medium 1 
and the culture was incubated for 4 days at 37°C with shaking at 200 rpm. 

A sample was taken to assay perhydrolase activity measurement as follows: 10 uls 

20 of 20 mg/ml lysozyme were added to 200 ul of sample. After 1 hour of incubation at 

37'C, samples were centrifuged and activity was measured using the pNB activity assay 
described herein. SDS-PAGE and Western blots were also prepared using both clones 
(pSECA4-phd and pSECGT-MSAT), as known in the art Briefly, after SDS-PAGE, the 
proteins were transferred to PVDF membrane and Western blot analysis was conducted. 

25 The perhydrolase was detected using an anti-peihydrolase polyclonal anti-sera (1 :500 
dilution) prepared against purified perhydrolase protein by Covance. The blot was 
developed using the ECL kit from Amersham. The results indicated that Streptomyces 
lividans strains were capable of expressing active perhydrolase. 
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EXAMPLE 8 

Site-Scanning Mutagenesis of the M. smegma* Perhydrolase Gene 
In tins Example, experiments involving site-scanning mutagenesis of the M. 
smegmatis perhydrolase gene are described. In these experiments, the QufcOiange® site- 
directed mutagenesis (QC; Stratagene) kit or the QuftChange® Multi Site-Directed 
mutagenesis (QCMS; Stratagene) kit was used to create rite-saturation libraries at each 
codon in the entire M. smegmatis perhydrolase gene contained in the pMSAT-Ncol 
plasmid. Each perhydrolase codon was mutagenized by replacement with the NNG/C 
(NNS; 32 combinations) degenerate codon, which encodes for all 20 amino acids and one 
stop codon. In the case of the QC method, complementary overlapping primers were 
designed for each codon of interest with 18 bases flanking the NNS codon (^ Tables 8- 
land8-2). A comparison of cartridge purified versus ur^fiedprm 
revealed a better representation of amino acids in the libraries made with purified primers 
(15-19 amino acids versus 11-16 with unpurified primers). Thus, a majority of the 
libraries were created with the QC method and purified primers. A small number of the 
libraries were made using the QCMS method and a single 5' phosphorated forward 
primer containing 18 bases flanking both sides of the NNS codon {See, Table 8-1), 
however this method resulted in a greater wild type background and fewer amino acid 
substitutions per site compared to the QC methods. libraries «nsa301" and «nsa302" 
were made using the QCMS method, but a trinucleotide mix made up of a single codon 
for each of the 20 amino acids (i.e., rather than 32 possibilities encoded by NNS for the 
20 amino acids) was incorporated within the primers at the sites of interest 



f th~ui.> H i s;*A-S»*,irfltion Forward_ErimS2 


Residue 


Primer 1 Primer Seqnence • 


Ml 


nsa ?.02F La^«n rap<,aatfaaccnnsgccaagrpaattctgtRt (SKO TO NW7) 


A2 


n-?a203F L pgaggaattaacr^tpTmsaagcgaattctptptttc (SEQ JDNQil 48 ) 1 
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K3 


isa204F 


raeeaattaaccatecccimscBaattctBtetttcfiEt fSEOIDNO:149) 


R4 


nsa205F 


raattaaccatep^flapnnsflttctBtetttceEtBat CSEO IDNO:150'» 




nsa206F 


itaaccateECcaaeceaTmsctf»tRtttcgeteattoc (SEOIDNOtLSn 


L6 


nsa207F 


3CcateeccaagceaattnnstetttceBteattcccte ("SEO IDNO:152) 


C7 


nsa208F 


atPgccaagceaattctPimsttcggteattccctgacc (SEQlDNO:lS3> 




nsa209F — 


cr^^^attctPtetonsggtgattccctgacctgg (SEQlDNe:IS4> 


G9 


nsa210F 


aaffcgaattctetEtttcraiseattccctfiacctffffBBC fSEOIDNO:155} 


D10 


nsal68F 


ceaattrtetetttcpetnnstccctBacctececctBB CSEOIDNO:lS6) 


sn 


nsa212F 


attctfitetttcBEtratansctBaccteegBcteBEtc fSEOIDNO:157) 


LJ2 


nsal69F 


ctfitBtttcaEtEattftcnnsatsctBBBECtEBBtcccc fSEO ID NO:l 581 


TJ3 


nsal70F 


tBmcEBtBatta^<niiist«TPirectBEetccccetc fSEOIDNO:159_) 


W14 


nsal71F 


ttcEfftEattccctf«~™isff > >ctffBBtccccBtCEaa (SEO ID NOIQH 


G15 


nsa216F 


BBtEattccctB?"^f»f»mstBeBtccccetCBaaEac fSEOIDNO:16n 


W16 


nsal72F 


BattccctEacctffBBBcansEtccocBtCBaaeacfiBB fSEOIDNO:162) 


V17 


nsa218F 


tcccteacctERf»^pf»nnscccEtCBaaBacffBEffca CSEOIDNO:163'> 


P18 


nsa219F 


cteacctBBBBCtp<»pt™nsptcBaaEacBBEficaccc (SEO ID NO:1641_ 


VI? 


nsa220F 


acctEBBBCtBgf>t~«!nns«»aaBacBEBBcacccacc fSEO ID NO:l_6_51_ 


E20 


nsa221F 


iBBSECtBBBtc^EtcnnsEacBBBBcacccaccBaB YSEO ID NO: 166) 


D21 


nsa222F 


BBctEBBtccccetcBaannsBeBecacccaccBaBCBB fSEO ID NO: 1671 


G22 


nsa223F 


tEEBtccccBtcBaaBacnnsBcacccaccEaBCBBttc fSEO ID NO: 1 68i_ 


A23 


nsa224F 


gtccccetceaaparppfmnqcccacceaeceettcscc (SEO ID NO: 1691 


P24 


nsal91F 


cccEtcEaaEacEBBecannsacceaECEBttcEccccc ( SEO ID NO:170)__ 


T25 


nsal92F__ 


stccaacaceepffcacccnnseaeceettcecccccgac (SH)IPNQ.17»_ 


E26 


asa227F 


g^gacggggcacccaccnnscggttcgcccccgacgtg fSEOIDNO:172) 


R27 


nsa228F 
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eteeccctcecpeaacaennscagaecctBctetaaaag (SEOIDNO:358> 


0213 


osa414F 


gccctcgcggaacaPPtamsagcctgctgtaaaagggc (SEO ID NO:359^ 


S214 


nsa41SF 


rtcgcggaacaggtf^pnn^gctgtaaaagggcgaa (SEP ID NO:36(ft 


L215 


nsa416F 


gcggaacaggtgcagagcnnsctfitaaaagggcgaattc (SEOIDNO:36tt 


L216 


nsa4^7F 


gaacaggtgcagagcctmmstaaaagggcgaattctgc (SEO ID NO:362) 



Table Site-Saturation Reverse Primer Sequences 


Residue 


Primer 


Primer Seauence 


m 


hsa202R 


ACACAGAATT0GCTIX3GCSNNGGTTAATTXXJrcCTGTTA 
fSEOIDNOS^ 


A2 


nsa203R 


GAAACACAGAATTCGCITS^CATGGTTAATT(XTCOXj 
fSEOIDNO:364* 


K3 


nsa204R 


ACCXjAAACACAGAATTCXjSIWGGCCATGGTTAATTCCTC 
CSEO ED NO:3fi^ 


R4 


nsa205R 


ATCACCXjAAACACAGAATSNNCTTGG<XIATCKjTTAATTC 
fSEOEDNO:366V 


15 


nsa206R 


GGAATCACCGAAACACAGSNNTCGCTTGGCCATGGTTAA 
rSEOIDNO:367^ 


L6 


nsa207R 


CAGGGAATCACXX3AAACASNNAATTCGCTTGGCCATGGT 
fSEOIDNOSfitt 


C7 


nsa208R 


GGTCAGGGAATCACCGAAShnvrCAGAATTCGCTTGGCCAT 
fSE01DNO:369^ 


F8 


nsa209R 


CCAGGTCAGGGAATCACCSNNACACAGAATTCGCTTGGC 
rSEOEONO:370^ 
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22 


< 

isa210R 


3cxxx:aggtx^gggaaicsnngaaacacag^ 

SEP ID NO:37D , 


D10 


osal68R 


3CAGCCCCAGGTCAGGGAS1WA(XGAAACACAGAAT^ 
SEO ID NO:372^ 


Sll 


osa212R 


3ACCCAGCCCX1A.GGTCAGS^ATCA(XGAAACACAGAAT 
r SEOIDNO:373) 


L12 


nsal69R 


3GGGACXXAGCCXX;AGGTSNNGGAATCACCX3AAACACAG. 
fSEOTDNO:37^ 


ri3 


nsal70R 


GACGGGGA<XCAGCO0CASNNC!AGGGAATCACXXJAAACA 
fSFrnnNO:37S^ 


W14 


nsa!71R 


ITCGACGGGGACCCAGO^NNGGTCAGGGAATCACCGAA 
rSF.OTnNO:37ffl . 


GI5- - 




GTCTTCGACGGGGACXX3ASNNCCAGGTCAGGGAATCACX3 
rSEmiTND:377) , — — 


W16 


asal72R 


CCCGTCITCGA<XKjGGACSNNGCC^ 

rSFOTDNO:378) ILi — 


v\7 


nsa218R 


rGCXXXXJTCTIXXjACXSGGSNNCX^AGCCCXJAGGTCAGC^ . 
fSEOIDNO:379) ', : 


P18 


nsa219R 


GGGTGCC<X«TCTT(X5ACSNMGA 

fSFOTT)NO:38(ft 


V19 


asa220R 


GGTGGGTGC(XC<JrCTTCS>n^GGG<jA(XCAGC^ 
fflEOTDNO:38n — 


E20 


nsa221R 


CKXK}TXKK3TGCCCCXfIXSNNGAOGC^ 

rSEO ID NO:382) 


D21 


Qsa222R 


CCGCTOGGTGGGTCKXXXSNNT^ 

fSEOIDNO:383) — 






GAACtXjCTOXiTGGCTGCSNN^^ 


A23 


nsa224R 


GGCGAACXXKJnXKjTGGGSNNCCCGTCTT 

CSFO TD NO:385> ; 


P24 


nsa!91R 


GGGGGCGAACaKnXXKjTSNNTGCCCajTCTKX} 
fSEOIDNO:386) . 


T?5 


nsal92R 


GTCXjGGGGOGAACCGCnXDS^GGGTGCXXJCGTCTTCGAC 
rSEOIDNO:387) ; 


E26 


nsa227R 


C ACGTCXXKKXKXjAACCG SNNGGTGGGTGCCCCGTCTTC 
rSEOIDNO:388^ ; 


R27 


nsa228R 


GCGCA<XnttKK3CKX»AAShn*CT^ 

(SEQJDDNQi38?J 


F28 


nsa229R 


cx:agcgcacgtcgggggcsnnccgctcggtgggtgcccc 

(SEQ ID NO:390) ; 
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A29 


( 

isa230R 


;KnXXAGCGCAC£TCGGGSNNGAA(XGCTCG 
SE01DNO:39n 


P30 


t 

isa2?!R 


VCCGGTXX:AGCGCAOGlXS^GGCGAAC(XKJr(XGTGW 
SEO ID NO:392> '. : 


D31 


asa232R 


^CACCX3GTCCAG(XK^CSM^GGGG<KXjAACOCKnX»GT 
'SEOIDNO:3931 


V32 


nsa233R 


DAGCACAC^GGTO^GCGSNNGTCGGGGGCGAACCGCTC 
r SFr)lDNO:304> 


R33 


osa234R 


3GCCAGCACACXXKnCC^S^CAOQTCGGCK3GCX3AACCG 
rSEOIDNO:39T» 


W34 


nsa235R 


CTTGGGCCAGCACACOGGTSNNGCGCACGTCGGGGGOGAA 
fSEOlDNO:30ff» 




nsa536R 


CTCCTCGGCCAGCA(^<XSNNCCAGCGCACGTCGGGGGC 
«ETTTBTvrD"39^ 


W5 
G36 


lisa237R 


GAGCTGCTGGGCXIA^GCA(^>WGGTCX3AGCGCACGriXXKKj 

rsEoiDNO:39Jn 


V37 


nsa238R 


ICCGAGCTGCTGCKKXAGSNNACCGGTCCAGCXjCAOCyrC 
rSFOTDNO:399) — 


L38 


osa239R 


CX3CTC<X3AGCTGCTGGGCSNNCACACCGGT 
rSBOIDNO:40(ft , 


A39 


nsa240R 


GT(XXK!JKXX3AGCTGCIXiSNNCAGCACACC(K3 ] 
fSEO TP NO:401'> — 


Q40 


nsa241R 


GAAGTCX:GCTCCGAGCTGSNNGGCCAGCACACCXjGTCCA 
rSEOIDNO:402) __ ; , 


041 


nsa242R 


CTCGAAGTCCGCTCXXxAGSNNGTGGGCCAGiCACACXX3GT 
fSEOIDNO:403) ', ; i 






caccttoaagixxgctccsiwctgci^^ 


G43 


■ 

nsa244R 


GATCACCTX^AAGTCXJGCSNNGAGCTGCTGGGOCAGCAC 
rSFOTr>NO:40S> ; £ 


A44 


nsa245R 


CTCGATCACCTCX3AAGTCSNNTXXGAGCTGCTGGGCCAG 
fSEOIT)NO:40ff> . 


D45 


nsa246R 


CTCCTCXjATCACCTCXjAASIWCXKJIXXX^ 

fSE01DNO:407) . 


F46 


nsa247R 


IXTCIXXJTCGATCACXjrCSNNGTCCGCTCCGAGCTGCTG 
fSEOIDNO:408) 


E47 


nsa248R 


C^GTXXXTCCTCGATCACSNNGAAGTCCGCTCaJAGCTG 
fSEOIDNO:4091 i 


V48 


osa249R 


GCTCAGTCCXJTCCTCGATSNNCriXXjAAGTCCGCTCCGAG 
fSEOIDNO:41<» . 



206 



WO 2005/056782 JT. „ . PCTAJS2004/040438 



GC821-2 Q 



149 


isa250R 


XKXKnX^GTCCCTCCTCSNNCA(XTCGAAGTC^^ i 
RFOTDNO:4U> 


E50 


isa251R 


3<X3CGCGCTCAGTCCCTCSNNGATCACCT^ 

SEO ID NO:412) \ 


E51 


isa252R 


spn m NO:41 


G52 


isa253R 


IKJTGGTGCGCGCGCTCAGSNNCTCCTOjA^ 

SF.O ID NO:414) i — 


L53 


tisa!93R 


3TrGGTGGTGOjCGCXjCrreNN^ 

f SEOIDNO:415) ; 


S54 


n??173R 


3ATGTTGGTGGTGCGCCK:SNNCAGTCCCKXJrCGATCAC 
rSF.OinNO:416^ . 


A55 


nsa!74R 


GTCGATGTTGGTGGTGCGSNNGCTCAGTCCCTCCTCGAT 
fSP.f>mNO:417^ ; , 


R56 


nsa257R 


GTCCTIXX}ATXnTGGTGGTSlWCGCX3Cn^AGTCXXnXX^ 
(RFmr)NO!4l8^ ; 


K7 




GGGGTCXjTCGATmTGGTSNNGCGOKXK^ , 

rsF.mnNO:4i9> . : 


T58 


Qsa259R 


GGTGGGGTCXJTCXjATGTTSNNGGTGCXjCGCGCTCAGTCC 
fSEO ID NO:420)__ 


N59 


nsa260R 


ATCGGTGGGGTCXiTCXjATSNNGGTGGTGCGCGCGCTCAG 
fSFOIDNO:42tt ; _ 


m. 


nsa261R 


CX3GATCGGTGGGGTCX}TCSNNGTTGGTGGTGOGCX3CGCr 
fSFOTDNO:422^ ; 


D61 


nsa262R 


CCGCGGATCGGTGGGGTCSNNGATGITGGTGGTGCGCGC 
(SFOIDNO:423) ; — 


B22 




GAGCCGCGGATCGGTGGGSNNGTCGATGTTGGTGGTGCG 


P63 


nsa264R 


GTTGAGCCGCGGATCGGTSNNGTCGTCGATGTTGGTGGT 
fSF.OIDNO:42tt — ■- 


r<54 


nsa!94R 


GCCXnTGAGCCGCGGATCSNNGGGGTCGTCGATGTTGGT 
fSF.OIDNO:4261 


D65 


nsa!95R 


CGCGCCGTTGAGCCGCGGSNNGGTGGGGTCGTCOAWli' 
fSKOIDNO:427^ - — - 




nsa267R 


GCTCGCGCCGTTGAGCCGSNNATCGGTGGGGTCGTCGAT 
rSFOTDNO:428^ ', 




nsa!96R 


GTAGCTCX30GOCGTTGAGSNNOGGATCGGTGGK3GTCGTC 
fSROTDNO;429> . ', 


[R67 
Il68 


nsa269R 


CAGGTAGCTCGCG<XGITSNN(XGCGGATCGGTGGGGTC 
,[SEQ_roNa430) . 1 
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N69 


nsa270R 


CGGCAGGTAGCTCGCGCCS>WGAGCCGCGGAT(XKjTGGG 
fSEOK)NO:43n 


G70 


nsa271R 


cx3acxkk;aggtagct<xkism^gttgagccgcggatcggt 

fSEOIDNO:432^ 


A7f 


nsa272R 


GCA(^ACGGCAGGTAGCTSNNGCCGTTGAGCCG<X!GATC 
fSEOIDNO:433* 


S72 


asa273R 


GAGGCACGACGGCAGGTASNNCGOKXXnTGAGCCGCGG 
fSEOIDNO:434^ 


Y73 


nsa274R 


CXXXjAGGCACXjACGGCAGS^GCTCGCGOCGTTGAGCCG 
fSEOIDNO:43S» 


L74 


nsa275R 


OGTCXjCXjAGGCACGACXXjSNNGTAGCTCGKDGCOGTTGAG 
fSEOE>NO:43<ft 


P75 


nsa276R 


GTGCGTCGCGAGGCATOASI^CAGGTAGCIXXKXKXXjTT 
fSEOIDNO:437* 


S76 


nsa277R 


CAGGTGCGTCGCGAGGCASM^0GGCAGGTAGCTX3GCGCXJ. 
fSEOroNO:438"» 


C77 


nsa278R 


CX3GCAGGTGCGTCGOTAGSNNCGACGGCAGGTAGCTCGC 
fSEOIDNO:439* 


L78 


nsa279R 


GAGCXKjCAGGTGCXjTCGCSNNGCACGACGGCAGGTAGCT 
fSEOIDNO:44m 


A79 


nsa280R 


GTCGAGCGGCAGGTGCGTSNNGAGGCACX3ACGGCAGGTA 
fSEOIDNO:44n 


rso 


asa281R 


CAGGTCGAGCGGGAGGTGSNNOKXjAGGCACGACXKjCAG 
bEQIDNO:442) 


H8J 


nsa282R 


CACCAGGTCGAGCGGCAGSNN(^TCXjCGAGGCACGACGG 
fSEOIDNO:443* 


-L82 


osa283R 


GATCACCAGGTCGAGCGGSNNGTGCGTCGCGAGGCACGA 
fSEOIDNO:444^ 


- P83 


nsa284R 


GATGATCACCAGGTCGAGSNNCAGGTGCGTCGCGAGGCA 
fSEOIDNO:44S> 


L84 


nsa285R 


CATGATGATCACCAGGTCSNNCGGCAGGTGCGTCGCGAG 
fSEOIDNO:446^ 


D85 


nsa286R 


CAGCATGATGATCA<XAGSNNGAGCGGCAGGTGCGTCGC 
rSEO ID NO:44T» 


L86 


nsa287R 


GCCCAGCATGATGATCACSNNGTCGAGCGGCAGGTGCGT 
fSEOIDNO:44tt 


V87 


nsa288R 


GGTGCCCAGCATGATGATSNNCAGGTCGAGCGGCAGGTG 
fSEOIDNO:449* 


188 


nsa289R 


GTTGGTGCCCAGCATGATSNNCACCAGGTCGAGCGGCAG 
fSEOIDNO:45m 
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[89 


< 

isa290R 


3TXXnTGGTGC0CAGCATS^GATCACCAGGTCGAG0GG 
RFnTT»NO:45n 


M90 


isa291R 


3GTGTCXnTGGTGCCCAGSNNGATGATCA(XLAGGTCGAG 
SKQ ID NO:452) 


L91 


asa292R 


^mxJTGTCGTTGGTGCCSNNCATGATGATCACCAGGTC 
SF.OTDNO:453> 1 


G92 


nsa293R 


SGCCITGGTGTCXjTTCXJTS^CAGCATGATGATCACCAG 
rSFOIDNO:4^4) 


T93 


nsa294R 


3TAGGCCTIGGTGTCGTTSNNGCCCAGCATGATGATCAC 
rSFOIDNO^fl 


N94 


nsal75R 


aAAGTAGGCCTTGGTGTCSNNGGTGCCCAGCATGATGAT 
rSFftTDNO:45ff> '. '. 


D95 


nsal97R 


CCGGAAGTAGGCCTTGGTSNNGTTGGTGCCCAGCATGAT 
rSEOIDNO:457) ' ; 


T96 


nsa297R 


GCCKXGGAAGTAGGCCTTSNNGTCXnTGGTGCCCAGCAT 
rSEOIDNO^R) 


K97 


nsa!76R 


GGTGCGCCGGAAGTAGGCSNNGGTGTCGTTGGTGCCCAG 
rSROTDNO:459> : 


A9J 


asa299R 


CGGGGTGCGCXXKjAAGTASNNCTIXjGTGTCGTTGGTGCC 
fSFQTnNO:460V 


Y99 


nsa!77R 


GAGCGGGGTGCGCCGGAAShmCKjCCTTGGTGTCGTTGGT 
rSFOTDNO:46n — 


F100 


• 

"sa301R 


GTCGAGCGGGGTGCGCCGSNNGTAGGCCTTGGTGTCGTT 
rSFOTDNO:462) , 


R101 


nsa302R 


GATGTCGAGCGGGGTGCGSNNGAAGTAGGCCTTGGTGTC 
rSEO ID NO:463) '. ', 1 


R102 


nsa303R 


CGCGATGTCGAGCGGGGTSNNCCGGAAGTAGGCXJITGK3T 
fSF.nTDNO:4641 '. 


T103 


nsa304R 


CAGCGCGATGTCGAGCGGSNNGCGCCGGAAGTAGCKXri I 
rSF.OTnNO:4651 


PI 04 


nsa30SR 


GCCC AGCGCGATGTCG AG SNNGGTGCGCCGG AAGT AGGC 
fRFOTnNO:46(ft . — 


L105 


nsa306R 


CATGCCXIIAGCGCGATGTCSNNCGGGGTGCGCCGGAAGTA 
fSF.OIDNO:4671 . 


D106 


nsa307R 


CGACATGCCCAGCGCGATSNNGAGCGGGGTGCGCCGGAA 
fSEOIDNO:46g) ; ; 


1107 


nsa308R 


CACCGACATGCCCAGCGCSNNGTCGAGCGGGGTGCGCCG 
fSFOIDNO:469^ . 


A108 


nsa309R 


GAGCACCGACATGCCCAGSNNGATGTCGAGCGGGGTGCG 
fSFOIDNO:4701 — 
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r 100 


ncoll OR 


3A(X3AGCAOOGACATGCCSNNCGCGATGTCG 
fRFO TP 


fi1 1 A 


neo^l IP 


CXjTGACGAGCACCGACATSNNCAGCGCGAT^^ 

fSFH in — 


K/1 1 1 




CTCKXjTCAOGAGCACXXjASNNGCro^ 


C1 1 

bl 12 




CA(XTGCGTGACGAGCACShO^CATGCCCAGCGCGATGTC 


vlI2 


nsa314R 


GAGCACCTXKXnXjACX3AGSNNCGACATG(XCAGOGCX3AT 


L114 


nsa315R 


GGTGAGCACXn*GCGTGACSNNCACCGACATGCCCAGCGC 

/CCA TTV XT A . A *7 A. 




nsa3loR 


GCTGGTGAGCACCTGCGTSNNGAGCACCGACATGCCCAG 

/OCA TT\ XTA«jt*FT% ? 

fSEOIDNO:477) , ; 


ni6 


nsa317R 


CGCGCTGGTGAGCACCTGSNNGACXjAGCACCGACATGCC 


Ql|7 


1 on 

nsa318R 


GCCCGCGCTCGTGAGCACS^ 

/CCA TC* XT A • TON 


into 


nsa319R 


G<XGCCCGCGCTGGTGAGSNNCT 

/CCA TT\ XTA«/1QA\ 


run 


Dsa320K 


GACXKXXjCCCGCGCTGGTShWCACX^ 

/CCA TT\ XTA»/HMA 


T1 OA 




GOX}ACGCCGC€CGC^^ 

/oca TFl "MTV ABO "\ 


sazi 


nsa322R 


GKn"GCCGACGCCGCCCGCSNNGGTGAGCACXJIXjCGTGAC 

/oca tn XjfVAK^ 


A122 


nsa323R 


CGTGGTG<XGACGCCGCCSNNGCTGGTGAGCACCTGCGT 
fSFD TD NO:4841 


G123 


nsa324R 


GTACX3TGGTGCCGACGCCSNNCGCGCTGGTGAGCACXnX} 
fSEOIDNO:4R 4 n 


G124 


nsa325R 


CGGGTACX5TGGTGCCGACSNNGCCCGCGCTGGTGAGCAC 
fSEOIDNO:4S<5) 


V125 


nsal98R 


KKXXKjGTACGTGGTGCCSNNGCCGCCCGCGCTGGTGAG 
fSEO!DNO:487) 


G126 


nsa327R 


GGGTGC03GGTACGTGGTS^GACGCCX3CXXXKX3CTGGT 
fSEOIDNO:4R!tt 


T127 


nsa328R 


CTTGGGTGC0GGK}TAC»TSNNGCXX3A(XKXXXXXXKXJCr 
fSEOIDNO:^ 


T128 


nsa329R 


CACCTTGGGTGCCGGGTASNNGGTGCCGACXKXXXXXX3C 
fSEOEDNO:49m 
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VJ29 


( 

isa330R 


:AGCACCTTXKKnX3CCGGSNN<XnGGTGCCGACGOXXX: 
SF.OTDNO:49n . 


PI 30 


isa331R 


^ACCAGCACCITGGGTGCS^JNGTACGTGGTGCCGACGCC 
■SPOTDNO:492> I 


A131 


isa332R 


3ACCACCAG^CCITGGGSNNCGGGTACGTC3GTGaX5AC 
SEO ID NO:493j 


P132 


nsa333R 


^AGACCACCAGCACCTTSNNTGCCGGGTACXjTGGTGCC 
'SFO ID NO:494) _ _ 


£132 


nsa334R 


[XKKXjAGA(XACCAGCACSNNGGGTGCCGGGTACGTGGT 
rSFT)inNO:49S) ; ; 


VI 34 


nsa335R 


TGGOGGa5AGACCA(X^GSNNCTrGGGTGCCG<K3TAOGT 
fSFOir>NO:49fr 


L135 


nsa336R 


CCKjTGGCGGCGAGACXACSNNCACCTTGGGTGCCGGGTA 
(SEO ID NO:497)^ — 


VI 36 


nsa337R 


CAGCGGTGGCCKKXjAGACSNNCACK^CCTTGGGTGCCGG 
fSFOIDNO:498^ ■ 


VJ37 


nsa338R 


CGCCAGCGGTX3GCGGCGASNNCACCAGCACCI TUUtifTOC 
(RF.fHDNO:499) _ — 


S138 


nka339R 


GGGCGCCAGCGGTGGCGGSNNGACCACCAGCACC1TGGG 
fSF.nmNO:SQ0^ . 


PI 39 


asa340R 


CATGGGCGCCAGCXK3TGGSNNCGAGACCACCAQCAtX."lT 
(SFOIDNO:S0n . . 


PI 40 


nsa341R 


CGGCATCKKKX3CCAGCGGSNNCXXKX3AGACCACCAGCAC 
rsF.nir)NO:502 , > . — — 


PM> 


nsa342R 


GTGCGGCATGGGCGCC^GSNOTGGCGGCGAGACCACX^LU 
fSEO ID NO:503) — 


L142 


nsa343R 


GGGGTCCGGCATGGGCGCS1WCXK5TGGCGGOGAGACCAC 
fSFOIDNO™4» 


A143 




CCAGGGGTXKXKX^TGGGSNNCAGCGGTGK3CGGCGAGAC 

'SEO ID NO:505") 


P14-4 


1 V-i A * TT *■ -nrGTGCGGCATSNN'CGCC AGCCGTGGCX-C^ \ 
m« U>R 1 SEC • !D NO:506J - 


M145 


nsa346R 


CTGGAAOCAGGGGTGCGGSNNGGGCGCCAGCGGTGGCGG 
ttF.OIDNO:507) 


P146 


nsa!78R 


CAACTGGAACCAGGGGTGSNNCATGGGCGCCAGCGGTGG 
rSF.OTDNO:S08^ ■. 


H147 


nsa348R 


GATCAACTGGAACCAGGGSNNCGGCATGGGCGOCAGCGG 
rSFOIDNO:S09^ 




,"sal99R 


GAAGATCAACTGGAACCASNNGTGCGGCATGGGCGCCAG 
.(SEQIDNO:510) . ; 
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W149 


nsal79R 


CTCGAAGATCAACTGGAASNNGGGGTGCGGCATGGGCGC 
(SEQIDNO:511) 


F150= 


nsal80R 


GCanWAAGATCAACTGSNNCCAGGGGTGCGGCATGGG 
fSEO ID NO:512^ 


0151 


nsa352R 


GCCGCCCTOjAAGATCAAS>WGAACCAGGGGTGCGGCAT 
fSE01DNO:513) 


L152 


nsa353R 


CTCGCCXKXX7IXXjAAGATSM^CK3GAACC^ 
fSEOIDNO:514* 


.1153 


* 

nsa200R 


CTGCTCCKXXKXXTCXjAASNNCAACTGGAACCAGGGGTC 
fSEOIDNO:515^ 


F154 


hsa201R 


CITCrGCTCG(XXKXXnrCSNNGATCAACTGGAA(XAGGG 
fSEOIDNO:51<n 


El 55 


nsa356R 


GGTCITCTGCTCXXXXKXSNNGAAGATCAACTGGAACCA 
rSEOIDNO:517^ 


G156 


nsa357R 


AGTGGTCTIUIXjCTOGCXSNNCIXXjAAGA^ 
fSEOIDNO:5m 


G157 


nsa358R 


CTCAGTGGTCITCTGCTCShNGC<Xri^ 
CSEOIDNO:519^ 


E15? 


nsa359R 


GAGCTCAGTGGTCTTCTGSNNGCCGCCCTCXJAAGATCAA 
fSEOIDNO:52(» 


0159 


nsa360R 


GGCGAGCTCAGTGGTCTTSNNCTCGCCGCCCTCGAAGAT 
rSEOIDNO:52n 


K160 


nsa361R 


GCGGGCCAGCTCAGTGGTSNNCTGCTCGCCGCXXTCGAA 
fSEOIDNO:522^ 


T161 


nsa362R 


CACGCGGGCGAGCTCAGTSNNCTTCTGC1XXKXXKXXTC 
fSEOIDNO:523 , > 


"PI J£*> 

■ lloz 


nsaJoiK 


GTACACGCGGGCGAGCTCSNNGGTCITCTGCTCGCCGCC 


;E163 


nsa364R 


GCTGTACACGCGGGCXjAGSNNAGTGGTCITCTGCTCXjCC 
fSE01DNO:52S} 


L164 


asa365R 


CGCGCTGTACACGCGGGCSNNCTGAGTGGTCTTCTGCTC 
fST?QmNO:S2ff> 


A165 


nsa366R 


GAGCGCGCTGTACAOjCGSNNGAGCTCAGTGGTCTTCTG 
(SEOIDNO:527^ 


R166 


nsa367R 


CGCGAGCGCGCTGTACACSNNGGCGAGCTCAGTGGTCTT 
fSEOEDNO:528^ 


V167 


nsa368R 


CXJACGCGAGCGCGCTGTASNNGCGGGCGAGCTCAGTGGT 
fSEOIDNO:529^ 


Y168 


nsa369R 


GAACGACGCGAGOGCGCTSNNCACGCGGGCGAGCTCAGT 
CSEOIDNO:530> 
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SI 69 


isa370R 


^TCAACGACXKXjAGCGCSNNGT^^ 


M70 


isa371R 


JITCATGAACGACG<XjAGSNNGCTGTACAC^ 


L171 


isa372R 


^(XTTCATGAACGACXK^NNCXjCQCTGTACACXjCGG^ 


M72 


nsa373R 


KGCA(XTITCATGAAOGASNNGAGCGCXjCTGTACA 

'SEP ID NO:534) 


S173 


osa374R 


GAACXXKJACCTTCATGAASNNCGCC 

SEOIDNO:S351 . 


F174 


nsa375R 


GAAGAACXKKIACCTTCATSNNCGACGCXJAGCGOGCTGTA 
rSFOIDNO.5361 


M17S 


nsa376R 


QTrcGAAGAAOGGCACCTTSNWiAAOGACGCGAGCGCGCr 
fSEOIDNO:537l 


K176 


psa377R 


DGCGTXXJAAGAACCKjCACSNNCATGAACGAOGCGAGOGC 
sFrnnNO:S38l : 


VI 77 


nsa378R 


ACCCGCGTCGAAGAACXXiSNNCTIX^T 

fSEO ID NO:539) _ 


P178 


nsa379R 


OGAACCCGCGTOiAAGAASNNCACCTrcATGAAa^CXSC 
fSF.OIDNO:540> 


F179 


nsa380R 


CACXXSAACCXXKXnXXJAASNNOGGCACCITCATGAACGA 
fSF.OIDNO:5411 ', . — 


F180 


nsa381R 


GATCACCGAA(^CGCGTCSNNGAACGGCA(XTTCATGAA 
fSEO ID NO:S421 


D181 


nsa382R 


GCTGATCACOGAA<XXXKXNNGAAGAACGGCACCTTCAT 
SEOIDNQ:543) , — 




n«ifl383R 


GCTGCTGATCA<XXiAACX5N 
fSFO TD NO:544l 




0.183 


nsa384R 


CHGGGTGCTGATCACCXJASNNCXKX3TCGAAGAACGGCAC 
fSEOIDN0^4S> ._ 


SIM 


nsa385R 


GCCGTCGGTGCTGATCACSNNACCCGCGTCGAAGAACGG 
fSFOIDNO:5461 \ 


V185 


nsa386R 


GACGCCGTCGGTGCTGATSNNCGA/vCCGGCGTCGAAGAA 
fSF.O ID NO:547) 


1186 


nsa387R 


3TCGACGCCGTCGGTGCTSNNCACCGAACCCGCGTCGAA 

rsFOiDNO^si 


SI 87 


nsa388R 


rcCGTCGAOGCCGTCGGTSNNGATCACCGAACCCGCGTC 
fSFOTDNO:S49^ . 


T188 


nsa38?F, , 


GATTCCGTOGACGCCGTCSNNGCTGATCACCGAACCCGC 
jfSFQ ID NO:5Sff> 
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D189 


nsa390R 


CHXKjATTCXXjTCGACGCCS^ 
rSEOIDNO:55l) 


G190 


nsa391R 


GAAGTGGATTCCGTCXjACSNNGTCGGTGCTGATCA<XGA 
fSEOIDNO!552"» 


V191 


nsa392R 


GGTGAAGTGGATTCCXTrcSNNGCCGTCGGTGCrcATCAC 
fSEOIDNOrSSSI 


D192 


bsa393R 


CTCGGTGAAGTGGATTCX^WGACXjCCXj^^ 
fSEOIDNOiS^ 


G193 


nsa394R 


GGCCIXXKH'GAAGTGGATS^GTtXjACGOCGTCXjGTGCT 
fSEOIDNO:55S> 


1194 


nsal81R 


GTTGGOCTCGGTGAAGTGSNNTOCGTCXjACXK^ 
fSEOIDNO:55^ 


H195 


nsa396R 


ATTGTTGGCCTCGGTGAASNNGATTCCGT^ 
fSEOIDNO:557* 


F196 


nsal82R 


GCGATTGTTGGCCTCX3GTSNNGTGGATTCCGTa3 
rSEOIDNO:558^ 


T197 


nsa398R 


ATCGOGATTGTTGGCCTCS^GAAGTGGATTCXXmXJAC 
(SFQ TD NO:559> 


E198 


osa399R 


GAGAT03CGATTGTTGGCSNNGGTGAAGTGGATTCCGTC 
rSEOIDNO:5«» 


A199 


nsa400R 


CXXGAGATCGCGATTGTTSNNCrcGGTGAAGTGGATTCC 
pEOIDNO:56n 


N200 


nsa401R 


C^CCCXGAGATCXKXjATTSNNGGCCTCGGTGAAGTGGAT 
fSEOIDNO:562^ 


N201 


nsa402R 


GGCX2AC(XCGAGATCGC<jSNNGTTGGCCTCXjGTGAAGTG 

rsEoroNOrSM-* 


1202 


nsa403R 


GAGGGOTACCCCXjAGATCSNNATTGTTGGCCTCGGTGAA 


D203 


3sa404R 


CGCX3AGGGCCACOXGAGSNNGCGATTGTTGGCCTCGGT 

fSEOIDNO:5f5T> 


L204 


nsa405R 


ITCCGCGAGGGCCACCCCSN^ATCGCGATTGTTGGCCTC 
fSEOIDNO:56tt 


G205 


nsa406R 


CTGTTCCGCGAGGGCCACSNNGAGATCGCGATTGTTGGC 

fSEOIDNO:56T> 


V206 


nsa407R 


C^CCTGTTCCGCGAGGGCSNNCCCGAGATCGCGATTGTT 
fSEOIDNOrSfi^ 


A207 


nsa408R 


CTGCACCTGTTCCGCGAGSNNCACCCCGAGATCGCGATT 
fSEOIDNO:5^ 


L208 


nsa409R 


GCTCTGCACXn - GTTCCGCSNNGGCCACCCCX3AGATC<XX3 
fSEOIDNO:57m 
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A209 


nsa410R 


CAGGCTCTGCACXJIXnTCSNNGAGGGCCACCO^AGATC 
rSEOIDNO:571V 


E210 


nsa411R 


CAGCAGGCTXTIGCACCTGSNNCXKXjAGGG^ 


0211 


nsa412R 


ITACAGCAGGCTCTGCACSNNTTCCX30GAG 
lsFOIDNO:5^ 


V212 


nsa413R 


CTTTTACAGCAGGCTCTGSNNCTGTTC^ 
fSEOIDNO:574> 


0213 


nsa414R 


GCCXZTITTTACAGCAGGCreNNC^CCTGTTC^ 


S214 


nsa415R 


ITCGCCCITITACAGCAGSNNCflGCACC^^ 
rSEQIDNO:S7^ 


L215 


nsa416R 


GAATTCXKXXnTTTACAGS^GCTCTGCACXnxnTCXXjC 
rSEO!DNO:57^ 


JL216 


nsa417R 


GCAGAATTCGCCCTTITASNNCAGGCT^^ 
fSEOIDNO:5781 



QC Method to Create Site-Saturation Libraries 

The QC reaction consisted of 4025 uL of sterile distilled H2O, 5 uL of PfuTurbo 
5 1 Ox buffer from the kit, 1 uL dNTPs from the kit, 1 25 uL of forward primer (lOOng/uL), 
1.25 pL reverse primer (lOOng/uL), 0.25 uL of pMSAT-Ncol miniprep DNA as template 
(~50ng), and 1 uL of PfuTurbo from the kit, for a total of 50 uL. The cycling conditions 
were 95*C for lmin, once, followed by 19-20 cycles of 95*C for 30 to 45 sec, 55'C for 
lmin, and 68*C for 5 to 8 min. To analyze the reaction, 5uL of the reaction was run on a 

10 0.8% E-gel (Invitrogen) upon completion. Next, Dpnl digestion was carried out twice 

sequentially, with 1 uL and 0.5 uL of enzyme at 37"C for 2 to 8 hours. A negative control 
was carried out under similar conditions, but without any primers. Then, 1 uL of the 
Z5pnl-digested reaction product was transformed into 50 uL of one-shot TOP10 
electrocompetent cells (Invitrogen) using a BioRad electroporator. Then, 300 uL of SOC 

1 5 provided with the TOP10 cells (Invitrogen) were added to the electroporated cells and 
incubated with shaking for 1 hour before plating on LA plates containing lOppm 
kanamycin. The plates were incubated at 37'C overnight After this incubation, 96 
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colonies from each of the libraries (Le., each site) were inoculated in 200pL of LB 
containing 10-50ppm of kanamycin in 96-well microtiter plates. The plates were frozen 
at -80'C after addition of glycerol to 20% final concentration, and theywere used for 
high throughput sequencing at Genaissance with the M13F and M13R primers, 

5 

QCMS Method to Create Site-Saturation Libraries 

The QCMS reaction consisted of 19.25 jiL of sterile distilled lhO, 2J pL of lOx 
buffer from the kit, lpL dNTPs from die kit, lpL of 5* phosphorylated forward primer 
(lOOng/jiL), 025 pL of pMSAT-Ncol miniprep DNA as template (~50ng), and lpL of die 

10 enzyme blend from the kit for a total of 25 \iL. The cycling conditions were 95 # C for 
lmin once, followed by 30 cycles of 95 # C for lmin, 55 # C for lmin, and 68'C for 8 min. 
To analyze the reaction product, 5pL of the reaction were run on a 0.8% &-gd 
(Invitrogen) upon completion. Next, Dpnl digestion was carried out twice sequentially, 
with 0.5 pL of enzyme at 37°C for 2 to 8 hours. The controls, transformation, and 

15 sequencing was performed as for the QC method described above. 

Details of Screening Plate Preparation 

Using a sterilized stamping tool with 96 pins, the frozen clones from each 
sequenced library plate were stamped on to a large LA plate containing lOppm 

20 kanamycin. The plate was then incubated overnight at 37*C. Individual mutant clones 
each representing each one of the 19 substitutions (or as many that were obtained) were 
inoculated into a Costar 96-well plate containing 195pL of LB made with 2 fold greater 
yeast extract and lOppm kanamycin. Each mutant clone for a given site was inoculated 
in quadruplicate. The plate was grown at 37°C and 225 rpm shaking for 1 8 hrs in a 

25 humidified chamber. In a separate 96-well plate, 26^iL of BugBuster (Novagen) with 

DNase were added to each well. Next, 125yL of the library clone cultures were added to 
the BugBuster-containing plate in corresponding wells and the plate was frozen at -80'C. 
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The plate was flawed, frozen and thawed again before use of the lysates in die peracid 
fonnation and peracid hydrolysis assays described herein. 

Combinatorial libraries and Mutants 

5 From the screening of the single site-saturation libraries, the important sites and 

substitutions were identified and combined in different combinatorial libraries. For 
example, libraries described in Table 8-3 were created using the following sites and 
substitutions: 

10 L12C,Q,G 

T25S.G.P 

L53H,Q,G,S 

S54V,L»A,P,T,R 

A55G.T 
15 R67T,Q,N,G,E,L»F 

K97R 

V125S,G,R,A,P 

F154Y 

F196G 
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TABLE 8-3. Libraries 



Library 


Description 


Parent 


Method 




Template 




NSAA1 


L12G S54(NNS) 


L12G 


QC 


NSAA2 


S54VL12(NNS) 


S54V 


QC 


NSAA3 


L12fNNS) S54(NNS) 


WT 


QCMS 


NSAB1 


S54V T25(NNS) 


S54V 


QC 




S54VR67fNNS1 


S54V 


QC 


NSAB3 


S54V V125fNNS) 


S54V 


QC 


NSAB4 


L12I S54V T25(NNS) 


L12IS54V 


QC 




L12I S54V R67fNNS) 


L12IS54V 


QC 


NSAB6 


L12I S54V V125(NNS) 


L12IS54V 


QC 


NSAC1 


S54(NNS)R67(NNS) 


WT 


QCMS 




V125(NNS) 




QCMS 


.NSAC2 


43 primer library, 10 rites 


S54V 




(lOOng total primers) 


S54V 




NSAC3 


same as nsaC2 but 300og 


QCMS 




total primers 




QCMS 


NSAC4 


32 primer library, 8 sites 


S54V 




(lOOng total primers) 




QCMS 


NSAC5 


same as nsaC4 but 300ng 


S54V 




total primers 




QCMS 


NSAC6 


8 primers, 7 substitutions, 


S54V 




5 sites (lOOng total 








primers) 






NSAC7 


same as nsaC6 but 300ng 


S54V 


QCMS 




total primers 







*NNS indicates site-saturation library 

**A11 parent templates were derived from the pMSAT-Ncol plasmid and 
contained mutations at the indicated codons with in the IL smegmatis 
5 perhydrolase gene 

The QC or QCMS methods woe used to create the combinations. The QC 
reaction was carried out as described above, with the exception being the template 
plasmid, which consisted of (USjiL of miniprep DNA of the L12G mutant, S54V mutant, 
10 or the L12I S54V double mutant plasmid derived from pMSAT-NcoL The QCMS 
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reaction was also carried out as described above, with the exception of template and 
primers. m this case, 0.25uL of foe pMSAT-Ncol template were used ferNSACland 
NSAA3 or S54V template for NSAC2-C7 Khraries. TheNSAA3 and theNSACl 
libraries were made using 100 ng of each of foe primers shown in foe Table 8-4. The 
NSAC2, NSAC4, and NSAC6 Ubraries were made with a total of lOOng of all primers 
(all primers being equimolar), and NSAC3, NSAC5, NSAC7 Ubraries were made with a 
total of 300ng of all primers (all primers being approximately equhnolar) 



TaWc «-4 libraries - 


libraries 


Primer 
Name 


Primer Seauence 


NSAC1 , 


S54NNS-FP . 


— .^/Yo^fgnncoroppcaccaccaacatc (SEOIPNO£79) — 




RV57NNS-FP 


arpacccca^t^rn^caacggcg^grlflf! fSF,OlPN0;SSQ) 


NSAC1 . 




[^Mccagcgcf^p^p^^ppcaccacgtacccea^ca f SBO IP T*Qff8D 


N5AC1 

NSAC2-C5 


U2£ 


^ptpmcggtmtt^.TrT^cctgggecrtgggtrycc (^EQ ID^O;5g2) 


NSAC2-C7 




^^pW^Ppfp^t^AGacctggggctggPttyoc f^lDNOT58?> 


NSAC2-C5 


u?i . 


^ptptttcggteattc/'ATO.cctgeggctgggtcccc (SFO TD NQ;?84) 


NSAC2-C3 


urn 


rrtptpmcggtgatt^ATOacctggggctgggtcccr. < SEQ P NO;S8S) _ 


NSAC2-C3 


T.12T 


^ptpWr.Pgtgattcy.ACflacctggggctggptoccc f SgQ ID NO;58$) 


MSAC2-C5 




^^ na p flfi gPgg<^cccAGCgagcg^cpcccccgac (SFQ TD NP;S871 


NSAC2-C5 


pss . 

T25G 


^^poop^pppp^r^^pagcgpttrfcccccgac ( SRO TP NO;S88) 


NSAC2-C3 


T25P 




NSAC2-C7 




papptgatcgagg^pp^ACagcp^pfpcaccaccaar. fSFO PNQ-.59Q) 


NSAC2-C3 


1,530 


n^ f r^^irr^rr^rrm n A n »W^ r P™ c *^ ccaac (SE0 IP NOSH) .. 


NSAC2-C3 


T.53G 


PP^p.trpapoagognGGCagcgcgcgcarpacniqy. fSFQ PNOftflfl, 


NSAC2-C3 


L53S 


pf rtnt^irTFl" Ary-^pfyr.pcpcacxaccaac fSEQ TP W0;g??l- 


NSAC2-C7 


T.ttHS54V 


p a pptgatcgagg»f'pr > '"Ar.fYrfi ? tsgcgcaccacrnBr, fSFf) PNQ;S?4) 


NSAC2-C3 


M30S54V 


papptpatcgaggagggaC^mTTTrrrr'ra^tya^- (sfx> ip NQ;SPS) 


NSAC2-C3 


T.*H?S54V 


r pp tpa tr p ^pp a og ( >aGGCGTrTor. P c«>caccafyaflC (SEP PNQ^Pfl 


NSAC2-C3 


T,53!S§54V 


papptpatcgaggapppaArTCGTGgcgcgcacCTrraflr. fSF,Q PNO^Tl 


NSAC2-C/ 


[S54iL_ 


ptpatcgaggappgactgGTGpepcgcacca^a^atf- fSBOPNO:S981 — 


NSAC2-C5 


!S54L 


ptpatcpageiiggr^'^rrTgcgcgcaccacxaarntr fSFf) ID?JO;S99) — 


NSAC2-Cf 


)A55G . 


atagaggagBBsrtpap^GGCcgcaccflccaacatccae f SFD IT) ]^Q:6QQ) J 
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NSAC2-C5 


A55T 




NSAC2-C5 


AS5GS54V 


atc^gm^ga^pGTGGGCcecaccaccaacatcpac fSWM^f*^^) 


NSAC2-C5 


A55TS54V 


atcgaeeaee^rtf^7It!A(^K M ^ c ^ catC2ac iSEOIDlfCfc6031 


NSAC2-C5 


R67T 


raceaccccaccratcx^(Xctcfmcggcpccagctac ( SEO ID NO:604)_ 


NSAC2-C5 


R67Q 


gncgaccccaccratt^AGct^flcpgt^gagctac fSE0IDWDW)5) 


NSAC2-C7 


R67N 


pacgaccccaccgat«»AACctcaacggcgcgagctac (SEQEPITO^PQ — 


NSAC2-C5 


K97R 


rtgpgcacraacgacaocCG^^ f gqQ ff> NO;6Q7) — 


NSAC2-C5 


Y125S 


ctraccagcgeggoc^^ 


NSAC2-C7 


Y1W 


ctcacx^gcgcgggcgccGGCg^ccacgtacccggca J5E0 JDNO;6Q9) 


NSAC2-C5 


V125R 


rtcac^gcccegpc^oDGCffgc^ 


nsac2-c5 


V125A 


rtcaccagcgcgggCggcGCCyg^c^^ (ffPO PftPtiE V) 


NSAC2-C5 


YI?5P 


rtMccagcgcgggqffcC^Gg^ccacetac^gca (SEQE>MQftl2l 


NSAC2-C3 


F154Y 


ccctggttccagttgatcTACgagggcggcgag^gaag \ pw 1^ 3 J 


NSAC2-C3 


P196G 


ggcgtcgacgg^tccacGG<^ccgag^ccaacaatcgp (SEQPflP»$14) 


NSAC2-C7 


B67G-re 


pacgaccccaccgntc^G^c^cggcgcgagctac (SEO ID NOtf IS) 


NSAC2-C5 


R67E^ . 


pnrpaM^rcgatc^AGct^ (SBQIDMQfllfl 


NSAG2-C5 


R67F-re 


cTora^^^nrgfltccpTT^caacggcg^^c (STOIDrW#r7) — 


NSAC2-C5 


R67L-re 


gacgarcccaccgatccgCT^ f SEQ |D ffOtf ft g) — 


NSAC2-C5 


S54P 


gtgatcgaggaggga<<g<XXjgcgcgcaccaccaacatc fSEO ID N0l6151 — 


NSAC2-C5 




f^ROP>K);6?0) 


NSAC2-C5 


S54G 


ptgatcgaggapggacteGGCpcpcgcaccaccaflcatc fSEOIDNO:62tt 


NSAC2-C5 


S54T 


gtgatcgaggappgacteACGgcgcgcaccaccaacatc f SEO IDNOl622) — 


NSAC2-C7 


S54I 


ptpatcgaggaggg^gATCgcgcgcaccaccaacatc iSFOIDNO;623) 


NSAC2-C5 


S54R 


atgfltngflggagggartgAAGpcgcgcaccaccaacatc (SFQ TP NO;6?4) 



10 



Screening of Combinatorial Libraries and Mutants 

For each of the NSAB1-B6 libraries, a 96-well plate full of clones was first 
sequenced Once the sequencing results were analyzed, the mutants obtained for each 
library were inoculated in quadruplicate, similar to the site-saturation libraries described 
above. For the NSACI-C7 libraries, 96 colonies per/plate/library were initially 
inoculated, and each plate was screened wimout sequencing. Upon screening, some 
libraries looked better than others. Several plates for each of the NSAC1, C2, C4, C6 
libraries were screened. The "winners" from these single isolate screening plates were 
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then streaked out for singles or directly screened in quadruplicate just like the site- 
saturation libraries (Le., as described above). Only the «Wiers" identified were 



EXAMPLE 9 

Improved Properties of Multiply Mutated Perhydrolase Variants 
In mis Example, experiments conducted to assess foe properties of multiply- 
mutated perhydrolase variants are described. In these experiments, combinatorial mutants 
obtained fiom combinatorial libraries were tested mmekperfonnancempeAyfooh^ 
peracid hydrolysis and perhydrolysis to hydrolysis ratio. These parameters were 
measured in the HPLC or ABTS assays described in Example 2, above, (^binatorial 
variants tested were: 



L12IS54V, 

L12M S54T, 
15 L12T S54V, 

L12QT25SS54V, 

L53HS54V, 

S54PV125R, 

S54VV125G, 
20 S54VF196G, 

S54V K97R V125G, and 

A55G R67T K97R V125G, 

As is indicated in Table 9-1 below, all of these variants were better than wild type 
25 enzyme mat least one of foe properties of interest 

jr,hfr 0-1 poults for M "trip'« Variants 



^.iri ^ variant | Foid-Tmnroven»ent in Property 
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Pprhvdrolvsis 


Peracid Hvdrolvsis 


Ratio 


T,1 2T S54V 


2 


2.5 




L12MS54T 


1.6 


3 




TA2TS54V 


1.5 


2.5 




U20T25S354Y 




4to5 




T.53H S54V 


2 




4to5 i 


S54PV125R 






4 


S54VV125G 


2 




4 


S54VF196G 








SS4VK97RV125G 


2 






A55GR67TK97R 
V125G 


1.6 




4to5 



EXAMPLE 10 

5 PAF and PAD Assays of Perhydrolase Variants 

In this Example, assay results for PAF and PAD testing of periiydrolase variants 
are provided. The tests were conducted as described in Example 1, above. In addition, 
Tables are provided in which the protein expression of die variant was greater than -wild- 
type under the same culture conditions (described herein). These results are indicated as 

10 the "protein performance index." Thus, a number greater than "1" in the protein 

performance index indicates that more protein was made for die particular variant than 
die wild-type. In the following Tables, "WT" indicates the wild-type amino acid residue; 
"Pos" indicates the position in the amino acid sequence; "Mut" and "Var" indicate die 
amino acid residue substituted at that particular position; "prot" indicates "protein; and 

1 5 4 Ter£ Ind" indicates the performance index. 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


3 


K003Y 


Y 


1.058244 


3 


K003I 


I 


1.053242 


3 


K003L 


L 


1.038686 


3 


K003T 


T 


1.009071 


3 


K003H 


H 


1.00528 


4 


R004O 


o 


1.025332 


5 ! 


I005T 


T 


1.12089 


5 


I005S 


s 


1.023576" 


6 


L006V 


V 


1.072388 


6 


L006I 


I 


1.066182 


6 


L006T 


T 


1.062078 


7 


C007K 


. K 


2.687956 


7 


C007Y 


Y 


2.08507 


7 


C007I 


I 


1.758096 


7 


C007H 


H 


1.731475 


7 


C007A 


A 


1.423943 


7 


C007G 


G 


1.393781 


7 


C007M 


M 


1,126028 


JO 


D010L 




3.97014 


10 


D010W 


W 


3.179778 


10 


D010K 


K 


2.133852 


JO 


D010Y 


Y 


1.508981 


10 


D010T 


T 


1.473387 


JO 


D010I 


I 


1.281927 


12 


L012O 


Q 


2.651732 


12 


L012C 


c 


2.289224 


12 


L012A 


A 


1.100171 


15 


G015A 


A 


1.543799 


I 15 


G015S 


S 


1.05273 


17 


V017G 


G _ 


1,1736^1 



Table 10-1. PAF Assay Results 



Position 


WT/Pac/ 

vfutation 

Jill mwwwi 


Variant 


PAF 
Pert 
Ind. 


17 


V017R 


•R 


1,09735 


17 


V0J7A 


A 


1.012116 


18 


P018Y 


"Y 1 




18 


P018N 


N 




J? 


P018C 


c 




18 


P018E 


B 




18 


P018V 


Y 




18 


P018R 


R 


1 1.16328 1 


18 


P018O 


O 




18 


rom 


n 




18 


P018G 


G 




1? 


VOJpG 


Q 




19 


V019S 






1? 


V019R 


R 


1,025471 


1? 


V019L 


h 


1.00283? 


21 


D021K 


K 


1.062138 


21 


D021W 


W 


1.040173 


22 


G022A 


A. 


1,554264 


22 


G022T 


T 


1.032118 


22 


G022S 


S 


1.022133 


25 


T025G 


G 


1.85787? 


25 


T025S 


s 


1,59954 


25 . 


T025A 


A 


1.327579 


25 


T025I 


I 


1,019417 


26 


E026M 


M 


2.002044 


I 26 


E026A 


A 


1.927099 


26 


E026R 


R 


1.484814 


26 


E026K 


K 


1.464368 


26 


E026T 


T 


1.441939 


26 


E026C 


C 


1.403045 
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Table 10-1. PAF Assay Results 



Position 


)VT/Pos7 
Mutation 


Variant 


PAF 
Pert 

IndL 


26 . 


E026V 






26 


E026N 


N 




• 26 


E026fl, 


H 1 
I 




26 


E026L 


T 


1.295378 


26 


E026G 


G 


.283477 


26 


E026S 


S 


1.271403 


26 


E026W 


w 


1.251752 


27 


R027K 


K 


1.215697 


28 


F028M 


M 


1.331874 


28 


F028A 


A 


.269493 


28 .. 


F028W 


w 


1.156698 


28 


F028L 


h 


1.08849 


28 


F028S 


s 


1.046063 


29 


A029W 


w 


1.912244 


29. 


A029V 


V 


1.799733 


29 


A029R 


R 


1.757225 


29 


A029Y 


Y 


1.697554 


29 


A029G 


G 


1.595061 


2? 


A029S 


S 


1.486877 


29 


A029T 


T 


1.424584 


29 


A029E 


E 


1.115768 


29 


A029C 


C 


1.07522 


30 


P030K 


K 


1.207673 


30 


P030R 


R 


1.164892 


30 


P030V 


V 


1.063047 


30 


P030T 


T 


1.05383 


30 


P030A 


A 


1.045476 


30 


P030S 


S 


1.031747 


30 


P030O 


0 


1.013468 


30 


P030H 


H .. 


1,012332 



Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Vanonf 


DA rp 
Po-f 

IniL 

Hlw 


,3P 




p 


006761 


31 


Ln)3 1 W 


w 




31 ... 


pi)31L» 


T 

y> 




3J 




£ — 




31 .... 


D031O 


VI 




31 


D031EL 


£ 




31 


D031M_ 


XT 




31 


DU31V 


v 


9ROOQ1 


3f. 


DU31A 


A 

A 


9A0Q7^ 


3J 




p 

F 


1 7771 81 


3J 




c 

Q 


i 157736 






1J 


1 132795 


?} 




o 


1 069797 


££ — 


VfV*7K 


ir 


1.08606 


32 


V032R 


R 


1.045435 


33 


R033S 


S 


1.000491 


36 


G036I 


I 


1.320156 


36 


G036K 


£ 


J ,265563 


36 


G036L 


L 


1.237473 


38 


L038L 


L 


6.528092 


38 


L038V 


V 


5,735872 


38 


L038C 


c 


4.182031 


38 , 


L038K 


K 


4.135067 


38 


L038A 


A 


3.844719 


38 


L038S 


S 


2.467764 


40 


O040K 


K 


2.613726 


40 


O040I 


I 


2.576806 


40 


O040W 


W 


2.394926 


40 


O040L 




2.144687 


40 


O040T 


T 


.2.006487 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


40 


O040R 


R 


1.885154 


40 


O040Y 


Y 


1,825366 


40 


O040G 


G 


1.785768 


40 


O040S 


S 


1.565973 


40 


OO40N 


N 


1.528677 


40 


O040D 


. _D . 


U615J 


40 


O040E 


E 


1.075259 


41 


O041K 


K 


1.381385 


41 


O041R 


R 


1.190317 


41 


O041W 


w 


1.141041 


41 


O041H 


H 


1.123719 


41 


O041S 


S 


1.107641 


41 


O041Y 


Y 


1.091652 


41 


Q041V 


V 


1.070265 


41 


O041A 


A 


1.032945 


41 


O041L 


L 


1.000416 


42 


L042K 


K 


2.463086 


42 


L042W 


w 


2.056507 


42 


L042H 


fl 


1.917245 


42 


L042R 


R 


1.378137 


42 


L042G 


G 


1.172748 


42 


L042T 


T 


1.079826 


42 


L042F 


F 


1.072948 


43 


G043A 


A 


1.49082 


! 43 


G043C 


C 


1.47701 


43 


G043K 


K 


1.424919 


43 


G043M 


M 


1.371202 


43 


G043Y. 


Y 


1.262703 


43 


G043E 


E 


1.250311 


43 


G043L 


L 


1.216516 



Table 10-1. PAF Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
PerC 
Ind. 


43 


G043R 




1.215829 


43 


G043S 


§ 


1.178103 


43 


G043H 






43 


G043P 


P 




44 


A044F 


F 


2,84399 


44 


A044V 


-V 


2,133682 


44 


A044C 


c 


1.796096 


44 


A044L 


h 


1.607918 


44 


A044W 


W 


1.395243 


44 


A044M 


M 


1.199028 


45 


D045K 


K 


1.342858 


45 


D045T 


T 


1.268367 


45 


D045R 


R 


mm 


45 


D045W 


w 


1.145157 


45 


D045S 


? 


1.133098 


45 


D045G 


G 


1 12761 


45 


D045H 


n 


1.12753? 


45 


D045F 


V 


1.11152 


45 


D045L 


L 


1.054441 


45 


D045V 


. V 


1.050576 


45 


D045O 


o 


1.04498 


45 


D045A 


A 


1.037993 


46 


F046E 


E 


1.247552 


46 


F046D 


D 


1,174794 


46 


F046G 


G 


1.016913 


46 


F046K 


K 


1.003326 


47 


E047R 


R 


2.448525 


47 


E047T 


T 


1.960505 


47 


E047P 


P 


1,361173 


47 


E047S 


s 


1.278809 
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Table 10-1. PAF Assay Results 


Position 


wr/Pos/ 

Mutation 


Variant 


PAF 
Pert 
Ind. 


47 


E047H 


H 


1.266229 


47 


E047G 


G 


1.197541 


47 


E047K 


K 


1,191?3 


47 


E047F 


F 


1.092281 


47 


E047I 


1 1 


mm 


49 


J049G 


G 


1.3429J8 


49 


I049H 


H 


1.265204 


49 


I049S 


S 


1.238211 


49 


I049K 


K 


1.230871 


49 


I049V 


V 


1.203314 


49 


I049L 


L 


1.136805 


49 


I049Y 


Y 


1.068104 


49 


I049R 


1 R 


1.052285 


49 


I049E 


E 


1.015762 


49 


I049M 


M 


1.00526 


50 


E050L 


L 


1.191901 


50 


E050M 


M 


1.178039 


50 


E050A 


A 


1,124087 


51 


E051V 


V 


1.471315 


51 


E051A 


A 


1.279983 


51 


E051G 


G 


1.217963 


51 


E05JT 


T 


1.182792 


51 


E051L 


L 


1.112889 


51 


E051I 


I 


1.072835 


53 


L053H. 


fl 


5.05321 


53 


L053O 


0 


1.480206 


53 


L053G 


G 


1.317357 


53 


L053S 


S 


1.161011 


53 


L053T 


T 


1.019146 


54 


S054P 


P 


5.198689 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


54 


S054I 


1 


4,775938 


54 


S054V 


V 


4.722033 


54 


S054A 


A 


3.455902 


54 


S054R 


R 


3.375793 


54 


S054L 


1< 


2.015828 


54 


S054T 


T 


1,45997! 


54 


S054K 


K 


1-438715 


54 


S054G 


G 


1,429605 


54 


S054C 


C 


1.259773 


54 s 


S054O 


o 


1.03365 


55 


A055G 


G 


1.694814 


55 


A055T 


T 


1.692885 


57 


T057S 


s 




57 


T057R 


R 




57 


T057V 


V 




Di 


T0S7T 


T 




59 


N059W 


w 




59 


N059R 


R 




60 


I060H 


H 


lr02415 


60 


I060R 


R 


1.003947 


61 


D061H 




1.439407 


61 


D061S 


S 


1.259714 


61 


D061R 


R 


1.105425 


61 


D061I 


I 


1.076937 


61 


D061F 


F 


1.00566. 


62 


D062E 


P 


1.019293 


63 


P063G 


G 


1.709657 


63 


P063T 


T 


1.499483 


63 


P063M 


M 


1.460336 


63 


P063S 


S 


1.416192 
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Table 10-1. PAF Assay Results 


h 

Pncitinn L 


VT/Pos/ , 
lutation 


Variant 


PAF 
Perl 
Ind. 


! 63 1 


P063K 


K 1 


.4046151 


i 63 


P063A 


A ll 


34754l| 


1 63 1 


P063Y 


Y 1.3460461 


1 63 1 


P063W 


W 1 


1,345871 


1 63 1 


P063V 


V 1.313631 


1 63 


P063R 


* ll .3106961 


1 63 1 


P063F 


F ll .2462991 


1 63 


P063L 


L 


1.146416 


1 63 1 


P063O 


- 0 1 


1.0931791 


1 64 1 


T064G 


G 


1.234467] 


1 64 


T064S 


S I 


1.1143481 


I 65 1 


P065A 


A 1 


1.312312] 


1 65 


D065S 


S 1 


1.166849] 


65 


D065H 


- 9 A 


1.096335| 


66 I 


P066R 


. R 1 


1.846257| 


1 66 


P066V 


V 


1.828926] 


I 66 _ 


P066H 




[1.589631] 


1 66 


1 P066I 


i 


1.588219] 


1 66 


1 P066G 


G 


ll .499901] 


1 66 


| P066O 


o 


|l.463705| 


1 66 


1 P066T 


T 


|l .410091] 


1 66 


1 P066S 


S 


ll .390845] 


| 66 


1 P066Y 


Y 


|l.330685| 


1 66 


1 P066L 


L 


|l .137635] 


1 66 


1 P066N 




|l.l22261 


1 67 


R067N 


. - N 


ll .580401 


1 67 


R067G 


G 


|l .3901 29 


1 67 


R067T 


T 


|l .284643 


1 67 


R067F 


. F 


1 1.25763 


1 67. 


R067L. 


L 


ll.203316 



Table 10-1. PAF Assay Results 



| Position 



WT/Pos/ 
Mutation 



67 



_67_ 



_6L 



_68_ 



_68_ 



_6L 



_68_ 



68 



68 



_6£_ 



_6i. 



69 



£2- 



_£2_ 

_62_ 

69 

69 

69 
_69_ 

_62_ 
71 
71 
71 

_ZI_ 
71 

_ZL 
_21 



Variant! 



R067O 



R067W 



R067E 



R067P 



TD68E 



L068W 



L068I 



L068G, 



L068V 



L068H 



L068T 



N069V 



. N069& 



N069R 



N069I 



N069H 



N069T 

N069L 

N069S 

N069G 

N069O 

N069W 

N069C 

A071S 

A071T 

A0 71H 

A071G 

A071 

A071E 

A071K 



PAF 
Peril 
Ind. 



O 1.164899 



1066028 



P. 1044676 



» 1-012761 



B- M3S218 



W 1.209193 



I 1-125898 



y 1.088042 



W 1.051612 



j 1.032331 



y 1.989028 



1.71908 



* 1-493163 



1469946 



H 1.357968 



T 1.351305 
T [1299S47 
ft jl .205171] 
1.19653 
|l .074622] 
\y ]l .049602] 
r. 1.048373] 
S |l -751794] 
[1.700442 
W |1-697S58| 
1.58881 



mm 
mm 



3. 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


71 


A071R 


R 


1.401499 


71 


A071N 


N 


1232241 


71 


A071L 


L 


1,231??! 


71 


A071F 


F 


1.127538 


71 


A071C 


C 


1.00977 


72 


S072L 


L 


1257945 


! 72 


S072H 


H 


1208899 


72 


S072G 


G 


1.198197 


72 


S072T 


T 


1.10065 


72 


S072V 


V 


1.080089 


72 


S072Y 


Y 


1.066178 


73 


Y073R 


R 


12555 


73 


Y073O 


0 


123429 


73 


Y073S 


s 


1.165683 


73 


Y073K 


R . 


1.070678 


76 


S076P 


P 


1229172 


77 


C077T 


T 


1.120603 


77 


C077V 


V 


1.052586 


77 


C077G 


G 


1.013806 


78 


L078G 


G 


4.975852 


78 


L078H 


H 


4.824004 


78 


L078E 


E 


3.007159 


78 


L078N 


N 


2.683604 


78 


L078T 


T 


1.867711 


78 


L078O 


o 


1.726942 


78 


L078V 


V 


1.534239 


78 


L078I 


I 


1.434206 


78 


L078Y 


Y 


1287889 


79 


A079H 


H 


1.927914 


79 


A079L 


L 


1.7?6!26 
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Table 10-1. PAF Assay Results 


Position 


WT/Pos/ 

1 jT_ 'Jig 

Mutation 


Variant 


PAF 
Pert 
Ind. 1 


79 


A079I 


I 


1.592463 


79 


A079M 


M 


!,4??635 


79 


A079N 


N 


1.475806 


79 


A079O 


0 


1.472484 


79 


A079R 


R 


1,465943 


79 


A079W 


W 


127053? 


79 


A079T 


T 


1.169146 


79 


A079E 


E 


1.123457 


80 


T080C 


c 


1,310752 


80 


T080V 


V 


1230659 


80 


T080G 


G 


M6031? 


80 


T080A 


A 


1.000722 


8? 


L082P 


P 


1.456374 


82 


L082G 


G 


1.37943? 


82 


L082R 


R 


1.339485 


82 


L082H 


P 


1.332844 


82 


L082K 


K 




82 


L082T 


T 


l,17??2 


82 


L082I 


I 


M7io?3 


82 


L082S 


. s 


1.153417 


82 


L082V. 


V 


1.019854 


83 , 


P083K 


R 


mm 


83 


P083G 


G 


1.313431 


83 


P083H 


H 


1265876 


83 


P083R 


R 


1.194464 


83 


P083S 


S 


1.171208 


84 


L084K 


. K . 


1.099089 


84 


L084H 


H 


1.008187 


85 


D085O 


O 


3.093245 


85 


D085R 


R 


2.379647 
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Table 10-1. PAF Assay Results 


Pncifinn 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


85 


D085S 


s 1 




85 


D085H 


H 


mm 


85 


D085N 


N 1 


mm 


85 


D085G 


G 




85 


D085T 


T 




85 


D085E 


E 


1.117228 


85 


D085F 


F 


1.008028 


86 


L086A 


A 


1J76284 


1 86 


L086C 


c 


1.156625 


86 


L086G 


G 


1.145834 


95 


D095E 


E 


2.044825 


96 


T096S 


S 


1:044425 


97 


K097R 


R 


2.798748 


97 


K097O 


0 


1.136975 


100 


F100W 


w 


1.082799 


100 


F100E 


E 


1.Q116 


?oi 


R101K 


K 


1.244945 


103 


T103W 


W 


1.261503 


103 


T?o?y 


Y 


1,193299 


103 


T103G 


G 


1.113343 


103 


T103K 


K 


1.093573 


103 


TJ03J 


I 


1.076338 


103 


T103L 


L 


1.050734 


104 


P104H 


H 


2.837034 


104 


P104T 


T 


2.696977 


J04 


P104G 


G 


2.672719 


104 


P104V 


V 


2.585315 


104 


P104S 


S 


2.481687 


104 


P104I 


I 


2.431309 


J04 


P104W 


w 


2.05J785 



Table 10-1. PAF Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


104 


P104C 


C \ 




104 


P104E 


E 




104 


P104F 


F 1 




104 


P104N 


N ! 




104 


P104R 


R 




104 


P104O 


o 


1.343174 


104 


P104M 


M 


1,0?3J85 


105 


L105P 


P 


1.713219 


105 


L105C 


C 




105 


L105F 


F 




105 


L105W 


W 




105 


L105G 


G 


1.078743 


106 


D106K 


K 


1.278457 


106 


D106L 


L 


1.198148 


J06 


DJ06G 


G 


1.178297 


J06 


D106H 


H 


1.090134 


J06 


D106E 


E 


1.084931 


106 


P106T 


T 


1,061622 


m 


D106I 


I 


1.036191 


106 


D106F 


F 


1.021513 


106 


D106C 


C 


1.005553 


107 


I107E 


E 


2.551108 


107 


I107S 


S 


2.044692 


107 


I107N 


N 


1.810584 


107 


U07G 


G 


1.764761 


107 


I107V 


V 


1.001703 


108 


A108L 


L 


1.407382 


108 


AJ08T 


T 


1.050964 


109 


L109N 


N 


1.523277 


109 


L109W 


w 


1.296964 
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Table 10-1. PAF Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


109 


L109O 


Q , 


1.182653 


109 


L109Y 


Y 


1.155328 


109 


L109I 


I 


1.053J29 


109 


L109D 


D 


1.003394 


111 


Mil IK 


K 


1.977248 


m 


MU1I 


T • 
.1 


L949343 


111 


M111L 


L 


1.546317 


111 


Mil IT 


T 


1.489808 


111 _ 


Mil IF 


F 


1.467344 


Ml. 


MiJJV 


^ r 


1.466478 


1H 


M111Y 


Y .__ _ 


1 ,42589 


in 


MlllS 


c 
a 


1.031939 


112 . 


SJ12L 


T 

L. 




112 


ci lour 
S>1 12H 


TI 

a — 






V113L 


L 




113 


V113H 


H 


1.339003 


113 


V113K 


K 


1.192607 


113 


V113R 


. R 


1433751 


IP 


V113Y 


Y 


1.113256 


113 


V113F 


F 


1.045057 


113 


VI 130 


... 0 


1.032496 


115 


V115W 


w 


1.234 


115 


V115T 


T 


1-H5757 


115 


V115L 


L 


1.117398 


115 


V115G 


G 


1.089596 


115 


VI 151 


I 


1.050387 


J15 


V115Y 


Y 


1.032052 


116 


T116G 


G 


1.095496 


1>6 


TJ }6A . 


A 


1.006702 


117 


OH7H 


. H 


2.327857 



Table 10-1. PAF Assay Results 



JrOSluOIl 


WT/Pos/ 
Mutation 


Variant 


PAF 
Pert 
Ind. 


1 17 


OH7T 


T 


2.233854 


117 


OH7Y 


v 


2.227983 


1 17 
111 — 


0117W 

\J 1 1 / VT 


W 


2,155?5? 


1 17 


C\\ 17V 


V 

V 


2.154646 


1 17 


Ol 170 


G 1 




1 17 

ill 


Ol 17 A 


A 




117 


Ol 17S 


s 


1.949232 


1 17 


ni 17P 


p 

X 


1.573776 


1 17 


\J lit JCV 


R i 


1.564466 


117 


OH7M 


M 


1.541944 


117 


OH7E 


E 


1.145341 


IIS 

*■ r 


VU8Y 


Y 


1,25067 


118 


V118K 


K 


1.125917 


118 


V118G 


G 


1.083422 


120 


T120S 


S 


1.089798 


121 


SJ21L 


L 


1.348931 


121 


S121W 


W 


1.333741 


121 . 


S121R 


R 


1.25879 


121 


S121K 


K 


1.241105 


121 


S121G 


G 


1,204547 


121 


S121C 


c 


1.177769 


121 


S12m 


N 


1.143954 


121 _ 


S121T 


T 


1.132507 


121 


S121A 


A 


1.120633 


121 


S121V 


V 


1.120454 


.122 


A122H 


H 


1.137861 


122 


A122I 


I 




122 


A122T 


T 


\mm 


122 


A122K 


K 


\mm 


122 .. 


A122V 


v 
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Table 10-1. PAF Assay Results 



1 

Position 


FT 1/1 v* 

Mutation 


Variant 


PAF 
Perf. 
Ind. 


122 


A122S _ 


S 


1.031411 


124 


G124L 


L 


1.91642 


124 


G124I 


I 


1.853337 


124 


G124T 


T 


1.63716 


124 


G124H 


H 


.588068 


124 


G124V 


v 


.441979 


124 


G124F 


F 


1.320782 


124 


G124S 


S 


.269245 


124 


G124Y 


Y 


1 .234423 


124 


G124R 


R 


1.144212 


124 


GJ24Q 


Q - 


1.123498 


125 


V125G. 


G 


2.948291 


125 


V125S 


S 


.942 oa 


125 


V125A 


A 


.689090 




V IZJr 


p 


1.50166 


125 


V125R 


R 


1. 301534 


125 


V125D 


., D 


1.238852 


125 


V125Y 


. Y 


1.080394 


125 


VI 251 


I 


1.010779 


126 


G126T 


T 


1.577938 


126 


G126P 


P 


1.171092 


126 


G126L 


L 


1.169527 


127 


T127H 


H 


1.57251 


127 


T127V 


v 


1.073821 


127 


T127I 


I 


1.063668 


127 


T127S 


S 


1.046984 


128 


TJ28L. 


L 


1.064623 


128 


T128K 


K 


1.062947 




P148V 


v 


2.426937 


148 


P148K 




IB 



Table 10-1. PAF Assay Results 


X USlUUJt 


WT/Pos/ 
Mutation 


Variant 


PAF 
Perl 
Ind. 


148 


P148L 


L 


1.638438 


148 


P148A 


A 


1.637334 


148 


P148R 


R 


1.509086 


148 


P148T 


T 


150J35? 


148 


P148Y 


Y 


1,4595J2 


148 


P148S 


s 


1.45564 


148 


P148E 


E 


1.417449 


148 


P148F 


F 


1.367568 


148 


P1480 


o 


1.3345J7 


148 


P148D 


D 


1.030J85 


150 


F150L 


L 


1.290835 


150 


F150E 


E 


1.228159 


153 


I153K 


K 


1.618543 


153 


I153H 




1.464262 


153 


I153T 


T 


1.271?28 


153 




L 


1.270149 


153 


1153F_ 


• F 


1.227821 


*53 


I153A 


A 




154 


F154Y 


. Y _ 


mm\ 


196 


F196H 


P 


1,774774 


196 


F196L 


L 


1.768072 


196 


F1?6C_ 


_ c 


1.738263 


196 


F196M 


. M - 


1.647608 


196 


F196G 


G 


1.590716 


196 


F196S 


S 


1,577837 


196 


F196Y. 


Y 


1.414589 


196 


F196V 


V 


1.395387 


196 


F196I 


I 


1.320955 


1?6.,_ 


?1?6W 


. W 


1014435 
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The following Table provides variants with PAF results that were better than 
those observed for wild-type M. smegmatis pemydrolase. In this Table, the middle 
column indicates the amino acid residue in the wild-type perhydrolase (WT), followed by 
the position number and the variant amino acid in mat position (Var). 

Table 10-2. Variants with PAF Table 10-2. Variants with PAF 

Values Better Than Wild-Type Values Better Than Wild-Type 

Peradd Peradd 





formation 




formation 


WT/Pos./ 


relative to 


WT/Pos./ 


relative to 


Var 


WT — 


Pos Var 


WT 


2A002W 


1.75 


8F008G 


1.09 


2A002D 


1.30 


8F008H 


1.02 


2A002F 


1.24 


10D010L 


3.97 


2A002I 


1.18 


10D010W 


3.18 


2A002G 


1.15 


10D010K 


2.13 


2A002S 


- 1.01 


10D010Y 


1.51 


3KO03Y 


1.06 


10D010T 


1.47 


3K003I 


1.05 


10D010I 


1.28 


3KD03L 


1.04 


12L012Q 


2.65 


3KD03T 


1.01 


12L012C 


2.29 


3K003H 


1.01 


12L012A 


1.10 


4R004Q 


1.03 


15G015A 


L54 


5I005T 


1.12 


15G015S 


1.05 


5I005S 


1.02 


17V017G 


1.17 


6L006V 


1.07 


17V017R 


1.10 


6L006I 


1.07 


17V017A 


1.01 


6L006T 


1.06 


18P018Y 


133 


7C007K 


2.69 


18P018N 


133 


7C007Y 


2.09 


18P018C 


126 


7C007I 


1.76 


18P018E 


132 


7C007H 


1.73 


18P018V 


1.19 


7O007A 


1.42 


18P018R 


1.16 


7C007G 


1.39 


18P018Q 


1.12 


7C007M 


1.13 


18P018H 


1.12 


8F008R 


1.43 


18P018G 


1.07 


8F008V 


1.18 


19V019G 


132 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 
formation 

WT/rW relative to 

Pos Var WT 

19V019S 1-24 

19V019R 103 

19V019L 100 

20E020W 2.94 

20E020G 2.36 

20E020T 2.22 

• 20E020L 2.20 

20E020H 2.17 

20E020V 2.11 

20E020S 2.01 

20E020C 1-57 

20E020N 140 

20E020A . • 1-29 

20E020Q 1-27 

21D021K 1-58 

21 D021W 1-55 

21D021L 1-46 

21D021A 1-46 

21D021G 1-37 

21D021Y 130 

21D021F 1-30 

21D021S 1-24 

22G022A 1-55 

22G022T 1-03 

22G022S 102 

25T025Q 186 

25T025S 1-60 

25TQ25A 133 

25T0251 102 

26E026M 2.00 

26E026A 1.93 

26E026R 148 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Teradd 
formation 

WT/PosV relative to 

Pos Var WT 

26E026K 1.46 

26E026T 1.44 

26E026C 1.40 

26E026V 1.39 

26E026N 137 

26E026H 1.33 

26E026L 1.30 

26E026G i.28 

26E026S 1.27 

26E026W 1.25 

27R027K 1.22 

28F028M 133 

28F028A 1-27 

28F028W 116 

28F028L 1-09 

28F028S 1-05 

29A029W 1.91 

29A029V 1-80 

29A029R 1-76 

29A029Y 170 

29A029G 160 

29A029S 1-49 

29A029T 1.42 

29A029E 112 

29A029C 108 

30P030K 1^1 

30P030R ll 6 

30P030V 106 

30P030T 1-05 

3OPO30A I- 05 

30PO30S I- 03 

30P030Q 101 
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Tabic 10-2. Variants with PAF 
Values Bettor Than Wild-Type 
Perarid 





formation 


WT/PosJ 


relative to 


Var 


WT 


30P030H 


1.01 


30P030E 


1.01 


31D031W 


1.83 


31D031L 


1.81 


31D031T 


1.45 


31D031G 


1.44 


31D031F 


1.44 


31D031N 


1.34 


31D031V 


128 


31D031A 


124 


31D031R 


122 


31D031S 


1.15 


31D031E 


1.13 


31D031Q 


1.07 


32V032K 


1.09 


32V032R 


1.05 


33R033S 


1.00 


36G036I 


1.32 


36G036K 


127 


36G036L 


124 


37V037S 


1.40 


37V037I 


126 


37V037A 


125 


37V037H 


121 


37V037L 


1.16 


37V037C 


1.09 


37V037T 


1.05 


39A039L 


1.43 


39A039K 


136 


39A039Y 


1.36 


39A039I 


1.26 


39A039T 


1.26 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peradd 





formation 


WT/PosJ 


relative to 


is Var 


wr 


39A039W 


123 


39A039V 


121 


39A039G 


1.17 


39A039R 


1.17 


39A039E 


1.09 


40Q040K 


2.61 


40Q040I 


258 


40Q040W 


2.39 


40Q040L 


2.14 


40Q040T 


2.01 


40Q040R 


4 on 

1.89 


40Q040Y 


1 .83 


40Q040G 


1.79 


40Q040S 


1.57 


40Q040N 


1.53 


40Q040D 


1.16 


40Q040E 


« AO 

1.08 


41 Q041K 


138 


41Q041R 


1.19 


41Q041W 


1.14 


41Q041H 


1.12 


41 Q041S 


1.11 


41Q041Y 


1.09 


41Q041V 


1.07 


41Q041A 


1.03 


41Q041L 


1.00 


42L042K 


2.46 


42L042W 


2.06 


42L042H 


1.92 


42L042R 


1.38 


42L042G 


1.17 


42L042T 


1.08 



t 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


WT/fW 


relative to 


Var 


WT 


42L042F 


1.07 


43G043A 


1.49 


43G043C 


1.48 


43G043K 


1.42 


43G043M 


137 


43G043Y 


136 


43G043B 


135 


43G043L 


122 


43G043R 


122 


43G043S 


1.18 


43G043H 


1.17 


43G043P 


1.08 


44A044F 


2.84 


44A044V 


2.13 


44A044C 


1.80 


44A044L 


1.61 


44A044W 


1.40 


44A044M 


1.20 


45D045K 


1.34 


45D045T 


127 


45D045R 


1.16 


45D045W 


1.15 


4SD045S 


1.13 


45D045G 


1.13 


45D045H 


1.13 


45D045F 


1.11 


45D045L 


1.05 


45D045V 


1.05 


45D045Q 


1.04 


45D045A 


1.04 


46F046E 


1.25 


46F046D 


1.17 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 



Pos 





formation 


WTVPosJ 


relative to 


Var 


WT 


46F046G 


1.02 


46F046K 


1.00 


47E047R 


2.45 


47E047T 


1.96 


47E047P 


136 


47E047S 


138 


47E047H 


137 


47E047G 


1.20 


47E047K 


1.19 


47E047F 


1.09 


47E047I 


1.03 


49I049G 


134 


49I049H 


137 


49I049S 


134 


49I049K 


133 


49I049V 


130 


49I049L 


1.14 


49I049Y 


1.07 


49I049R 


1.05 


49I049E 


1.02 


49I049M 


1.01 


50E050L 


1.19 


50EO50M 


1.18 


50E050A 


1.12 


51E051V 


1.47 


51E051A 


138 


51E051G 


132 


51E051T 


1.18 


51E051L 


1.11 


51E651I 


1.07 


53L053H 


5.05 


53L053Q 


1.48 
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Table 10-2. Variants with PAF 
Values Better Than WUd-Type 
Peradd 





formfltioii 


TV X/X WW 


relative to 


Var 

t at 


WT 


53 L053G 


1.32 


53 L053S 


1.16 


53LQ53T 


1.02 


54S054P 


5.20 


54S054I 


4.78 


54S054V 


4.72 


54S054A 


3.46 


54S054R 


3J8 


54S054L 


2.02 


54S054T 


1.46 


54S054K 


1.44 


54S054G 


1.43 


54S054C 


1.26 


54S054O 


1.03 


55A055G 


1.69 


55A055T 


1.69 


57T057S 


1.63 


57T057R 


1.61 


57T057V 


1.28 


57T057I 


1.19 


59N059W 


1.13 


59N059R 


1.09 


59N059T 


1.07 


59N059S 


1.06 


59N059Q 


1.02 


60I060H 


1.02 


60I060R 


1.00 


61D061H 


1.44 


61D061S 


126 


61D061R 


1.11 


61D061I 


1.08 


61D061F 


1.01 
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Table 10-2. Variants with PAF 
Values Better ThanWDd-Type 





Pcracid 




IVIUIBUvU 


WT/PosV 


relative to 


Var 




62D062E 


102 

x»v*» 


63P063G 


1 71 

X»/ X 


63P063T 


1-50 


63P063M 


1 46 


63P063S 


1 42 


63P063K 


1 40 


63P063A 




63 P063 Y 


1.35 


63 P063W 


X 


63P063V 


131 


63 P063R 


131 


63P063F 


125 


63P063L 


1.15 


63P063Q 


1.09 


64T064G 


123 


64 TOMS 


1.11 


65D065A 


131 


65D065S 


1.17 


65D065H 


1.10 


66P066R 


1.85 


66P066V 


1.83 


66P066H 


139 


66P066I 


139 


66P066G 


130 


66 P066Q 


1.46 


66P066T 


1.41 


66P066S 


139 


66P066Y 


133 


66P066L 


1.14 


66P066N 


1.12 


67R067N 


138 


67R067G 


139 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


WT/PosJ 


relative to 


Var 


wr 


67R067T 

v / awv « & 


128 


67R067F 


126 


67R067L 

V f AVW # AV 


120 


67R067O 

V 1 AVW f \£ 


1.16 


67R067W 


1.07 


67R067E 


1.04 


67R067P 


1.01 


68L068E 


1.44 


68L068W 


1.21 


68L068I 


1.13 


68L068G 


1.09 


68L068V 


1.09 


68L068H 


1.05 


68L068T 


1.03 


69N069V 


1.99 


69N069K 


1.72 


69N069R 


1.49 


69N069I 


1.47 


69N069H 


1.36 


69N069T 


135 


69N069L 


1.30 


69N069S 


121 


69N069G 


120 


69N069Q 


1.07 


69N069W 


1.05 


69N069C 


1.05 


71A071S 


1.75 


71A071T 


1.70 


71A071H 


1.70 


71A071G 


1.59 


71A071I 


1.51 


71A071E 


1.45 



Table 10-2. Variants with PAF 
Values Better Than Wfld-Type 
Feracid 





formation 


WT/PosV 


relative to 


Var 


wr 


71A071K 


1.44 


71A071R 


1.40 


71A071N 


123 


71A071L 


123 


71A071F 


1.13 


71A071C 


1.01 


72S072L 


126 


72S072H 


121 


72S072G 


120 


72S072T 


1.10 


72S072V 


1.08 


72S072Y 


1.07 


73Y073R 


126 


73Y073Q 


123 


73Y073S 


1.17 


73Y073K 


1.07 


74L074S 


2.72 


74L074G 


155 


74L074W 


138 


75P075R 


1j60 


75P075S 


139 


" 75P075T 


128 


75P075Q 


121 


75P075G 


1.16 


75P075H 


1.05 


75P075W 


1.04 


76S076P 


123 


77C077T 


1.12 


77C077V 


1.05 


77C077G 


1.01 


78L078G 


458 


78L078H 


4.82 
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Table 10-2. Variants witbPAF 
Values Better Than Wild-Type 
Peradd 





formation 


WT/PosV 

tt aim. v j«* 


relative to 


Var 


WT 


78L078E 


3.01 


78L078N 


2.68 


78L078T 


1.87 


78L078O 


1.73 


78L078V 


1.53 


/ O LAJ 1 OX 


1.43 


78L078Y 


139 


79A079H 


1.93 


79A079L 


1.80 


79A079I 


139 


79A079M 


130 


79 A079N 


1.48 


79A079Q 


1.47 


79A079R 


1.47 


79A079W 


1.27 


79A079T 


1.17 


79A079E 


1.12 


80T080C 


131 


80T080V 


1.23 


80T080G 


1.16 


80T080A 


1.00 


81H081K 


1.52 


81H081L 


1.23 


81H081N 


1.17 


81H081G 


1.17 


81H081A 


1.15 


81H081C 


1.13 


81H081W 


1.13 


81H081V 


1.10 


81H081F 


1.10 


81H081S 


1.04 


82L082P 


1.46 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Peradd 




formation 


wr/Po&y 


relative to 


Var 


WT 


82L082G 


138 


82L082R 


134 


82L082H 


133 


82L082K 


1.19 


82L082T 


1.18 


82L082I 


1.17 


82L082S 


1.15 


82L082V 


1.02 


83P083K. 


137 


83P083G 


131 


83P083H 


127 


83P083R 


1.19 


83P083S 


1.17 


84L084K 


1.10 


84L084H 


1.01 


85D085Q 


3.09 


85D085R 


238 


85D085S 


. 228 


85D085H 


1.55 


85D085N . 


1.54 


85D085G 


1.41 


85D085T 


133 


85D085E 


1.12 


85D085F 


1.01 


86L086A 


138 


86L086C 


1.16 


86L086G 


1.15 


88I088H 


120 


88I088T 


1.03 


88I088G 


1.01 


90M090T 


127 


90M090I 


1.13 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Peracid 




formation 


WT/PosJ 


relative to 


Var 


WT 


90M090V 


1.08 


90M090S 


1.06 


90M090L 


1.02 


91L091G 


121 


91L091T 


1.06 


92G092V 


1.49 


92G092S 


1.26 


93T093Y 


526 


93T093F 


3.52 


93T093A 


138 


93T093C 


1.08 


95D095E 


2.04 


96T096S 


1.04 


97K097R 


2.80 


97K097Q 


1.14 


98A098L 


222 


98A098H 


2.09 


98A098I 


2.05 


98A098Y 


2.02 


98A098S 


1.73 


98A098T 


1.72 


98A098G 


1.57 


98A098C 


1.30 


98A098N 


124 


98A098D 


1.11 


98A098P 


1.10 


100F100W 


1.08 


100F100E 


1.01 


101R101K 


124 


103T103W 


126 


103T103Y 


1.19 


103T103G 


1.11 
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Table 10-2. Variants with PAF 
Values Better ThaihWfld-Type 





Peracid 




formation 


WT/IW 


relative to 


Var 


WT 


103T103K 


1.09 


103T103I 


1.08 


103T103L 


1.05 


104P104H 


2.84 


104P104T 


2-70 


104P104O 


2.67 


104P104V 


259 


104P104S 


2.48 


104P104I 


2.43 


104P104W 


2.05 


104P104C 


1.95 


104P104E 


1.84 


104P104F 


1.79 


104P104N 


1.62 


104P104R 


1.02 


104P104Q 


1 OA 


104P104M 


l.uy 


105L105P 


1.71 


105L105C 


1.56 


105L105F 


120 


105L105W 


128 


105L105G 


1.08 


106D106K 


128 


106D106L 


120 


106D106G 


1.18 


106D106H 


1.09 


106D106E 


1.08 


106D106T 


1.06 


106D106I 


1.04 


106D106F 


1.02 


106D106C 


1.01 


1O7I107B 


235 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


WTfPosJ 


relative to 


>s Var 


WT 


107I107S 


2.04 


107I1Q7N 


1 oi 

1.81 


107I107G 


1.76 


107H07V 


1 AA 

l.OO 


108A108L 


1 A% 

1.41 


108A108T 


1 AC 

1.05 


109L109N 


1.52 


109L109W 


1.30 


109L109Q 


1 1 o 

1.18 


109L109Y 


1.16 


109L109I 


1.05 


109L109D 


1 AA 
1.00 


111 \/1 11V 

in mi hk. 


1 Ofi 


111 Ml 111 


1 

l.SO 


111 * X1 1 1 T 

111M111L 


1 « 


111M111T 


1 ylQ 
1.45* 


111M111F 


1.47 


111M111V 


1.47 


111M111Y 


1.43 


111M111S 


1.03 


U2S112L 


1.03 


112S112H 


1.00 


U3V113L 


1.50 


113V113H 


1.34 


113V113K 


1.19 


113V113R 


1.13 


113V113Y 


1.11 


113V113F 


1.05 


113V113Q 


1.03 


115V115W 


123 


115 VI 1ST 


1.15 


115V115L 


1.12 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 







VY x/rOSJ 


reianve id 


a Var 

s var 


W 1 


11** VI 1 <f» 
1 ID VI LJVJ 


i no 


11C \T 1 1 CT 

115 VI 151 


1 AC 

1.05 


1 1 C\71 1 fV 

115V115Y 


1.03 


1 1 1 

lloTlloG 


1.10 


1 1 dZ T1 1 ^ A 


1 A1 

1.01 


1 1 TSN1 1 TTT 

117Q117H 


233 


1 1 T /\1 1 TT 

117Q117T 


2-23 


111 A1 1 OXJT 

117Q117Y 


2^3 


1 1 i ^ni 1 *riir 

117QH7W 


2.1o 


111 /™\1 1 Hf 

117Q117V 


2.15 


111 /M 1 TiT. 

117Q117G 


O AO 

2.uo 


1 1*7 1*7 A 

ll/yil/A 




I 1 Tl*"i1 1TC 

I I / i^l 1 /o 




1 ITU 


1 *.T 


11/ V^l 1 /iv 




1 1 /yn /M 




117Q117E 


1.15 


118V118Y 


125 


118V118K 


1.13 


118V118G 


1.08 


120T120S 


1.09 


121S121L 


135 


121 S121W 


133 


121 S121R 


126 


121 S121K 


124 


121 S121G 


120 


121 S121C 


1.18 


121S121N 


1.14 


121 S121T 


1.13 


121S121A 


1.12 


121S121V 


1.12 


122A122H 


1.14 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


wr/Posy 


relative to 


Var 


\VT 


4 H A 4 *V*T 

122A122I 


L13 


122A122T 


L08 


122A122K 


1.08 


122A122V 


1.04 


122A122S 


1.03 


123 G123D 


1.73 


123 G123V 


1.40 


123G123P 


132 


123 G123E 


l.i3 


123 G123T 


1.06 


123G123H 


1.00 


124G124L 


1.92 


124G124I 


1.83 


124G124T 


1.04 


124Ul24Jti 


1 CO 


124G124V 


1 AA 

1.44 


124G124F 


1.32 


124G124S 


1.27 


124G124Y 


123 


124G124R 


1.14 


124G124Q 


1.12 


125V125G 


2.95 


125V125S 


1.94 


125V125A 


1.69 


125V125P 


1.50 


125V125R 


1.30 


125V125D 


124 


125V125Y 


1.08 


125V125I 


1.01 


126G126T 


.1.58 


126G126P 


1.17 


126G126L 


1.17 



Table 10-2. Variants with PAF 
Values Better Than Wfld-Type 
Peradd 





formation 


WT/PosJ 


relative to 


Var 


WT 


127T127H 


1.57 


127T127V 


1.07 


127T127I 


1.06 


127T127S 


1.05 


« AAJV%* AAV 

128T128L 


1.06 


128T128K 


1.06 


13OP130T 


1.19 


130P130H 


1.17 


130P130K 


1.16 


4 AAm •» /\ 

130P130G 


4 ■ 4 AT 

1.16 


4 AATI1 

130P130S 


4 4 AT 

1.16 


1 30 PI 30V 


1.15 


130P130W 


A A AT 

1.15 




1 10 
1.1Z 


1 -5 AD1 ^AT 

13Url3UL 


1 io 
1.14 


i *5 nm inn 

130P130R 


' 1.11 


130P130F 


1.08 


130P130E 


1.00 


131A131L 


1.83 


131A131R 


1.76 


131A131H 


1.72 


131A131G 


1.66 


131A131W 


1.61 


131A131V 


1.59 


131A131P 


1.52 


131A131Y 


1.50 


131A131S 


1.48 


131A131E 


1.36 


131A131D 


131 


131A131Q 


1.29 


132P132Y 


1.57 


132P132S 


1.13 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





form ation 


f f MIX V3W 


relative to 


Var 


WT 


133K133Y 


1.12 


133K133L 


1.05 


133K133H 


1.02 


134V134G 


1.71 


134V134T 


125 




1.18 


134V134S 


1.16 


134V134L 


1.13 


134 VI 341 


1.12 


136V136T 


1.13 


137V137M 


122 


137V137L 


1.09 


137V137T 


1.08 


137V137A 


1.07 


137V137G 


1.02 


138S138I 


1.15 


138S138G 


1.05 


140P140A 


l;90 


140P140T 


1.74 


140P140S 


1.31 


141P141L 


2.32 


141P141I 


229 


141P141H 


2.07 


141P141V 


1.96 


141P141T 


1.84 


141P141S 


1.70 


141P141R 


1.65 


141P141G 


1.64 


141P141Q 


1.39 


141P141N 


1.32 


141P141A 


1.10 


142L142W 


2.41 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


WT/PosV 


relative to 


Var 


WT 


142L142K 


1.60 


142L142F 


1.05 


143A143K 


3.16 


143A143H 


2.90 


143A143L 


2.51 


143A143V 


2.45 


143A143W 


227 


143A143T 


2.18 


143A143R 


2.15 


143A143S 


1.77 


143A143Q 


1.74 


143A143F 


1.56 


143A143P 


1.53 


143A143G 


1.48 


143A143D 


1.45 


143A143E 


1.43 


143A143C 


1.39 


143A143N 


130 


144P144Y 


2.34 


144P144K 


2.09 


144P144H 


1.94 


144P144F 


1.82 


144P144R 


1.76 


144P144S 


1.69 


144P144T 


1.46 


144P144G 


1.45 


144P144D 


1.45 


144P144N 


1.44 


144P144L 


1.43 


144P144Q 


137 


144P144M 


124 


144P144A 


1.09 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peradd 





iormauoii 


W l/rOSJ 


relative to 


Vow 


WT 
W 1 


1 A< \A 1 AST 


1*/Z 


145M145r 


1 AO 


145M145K 


1.1D 


145 M145 ¥r 


1 1< 
1.13 


1 AC XjM AGf* 

145 M145C 


1 no 
l.UZ 


1A<X>T1 ACT 


1 01 


1 VITLT1 A1 K 

147H147A 




147xil47o 


1 7#» 


1 vl*TIJ1 /ITT 

147 HI 4/1 


1 7fi 
1 »ZU 


1 A7H1A7P 
IHI xll*r /it 






1 11 

1*11 


1 Aft p 1 49 V 


243 


14ftP14ftK 


1.79 


14RP148I 
i7or nou 


1.64 


148P148A 

1 TO X X ~Ofl. 


1.64 


148P148R 


1.51 


148P148T 


1.50 


148P148Y 


1.46 


148P148S 


1.46 


148P148E 


1.42 


148P148F 


137 


148P148Q 


1.33 


148P148D 


1.03 


150F150L 


1.29 


150F150E 


1.23 


151Q151D 


1.47 


151Q151R 


1.36 


151Q151P 


1.35 


151Q151A 


129 


151Q151T 


1.24 


151Q151M 


124 


151Q151E 


1.14 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peradd 





ioriiifluoii 


W l/JrO&J 


VAlAnVA d**v 

relative to 




WT 

T* Jl 


131 ylJlJV 


1 07 




1 0/5 


131 V^131o 


i o^ 


131 VJ131L* 


1 IK 
1.U3 


1<1 HK1V 
131 V{ID1 X 


1 ftl 

1.U1 


1 <7 T 1 CT\7 
13ZL13ZV 


1 77 


1 <7 t 1 cnr 

13Zlvl3ZK 


1 71 


1 <7 T 1 C7"D 


1 7ft 


13Zlwl3ZVY 


1 1ft 


1 57 T 1 or 
13Z*wl3Zl 


1 17 


157T 


1 12 


1 ^7 T 1 S7Y 


1 09 


1 .J A« XV 1 l/Ml 


1 09 


152L152G 


1.08 




1.08 




1.07 


152L152D 


1.07 


152L152I 


1.04 


152L152C 


1.00 


153I153K 


1.62 


153I153H 


1.46 


153I153T 


127 


153I153L 


127 


153I153F 


123 


153I153A 


1.19 


154F154Y 


132 


155E155T 


1.49 


155E155R 


1.47 


155E155L 


1.31 


155E155Y 


127 


155E155K 


123 


155E155G 


1.17 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peradd 
formation 



WT/Posi relative to 



Pos Var 


WT 


155E155S 


1.08 


155E155D 


1.08 


155E155F 


1.07 


156G156P 


1.44 


1S6G1S6T 


1.15 


156G156K 


1.10 


156G156M 


1.09 


156G156C 


1.07 


156G156N 


1.07 


156G156R 


1.05 


156G156H 


1.04 


156G156S 


1.02 


157G157T 


1.74 


157G157R 


1.51 


157G157S 


130 


157G157K 


128 


157G157F 


127 


157G157V 


123 


157G157H 


1.14 


157G157I 


1.11 


158E158H 


2.40 


158E158K 


2.08 


158E158F 


2.06 


158E158R 


159 


158E158Y 


1.77 


158E158W 


1.77 


158E158L 


139 


158E158S 


137 


158E158V 


132 


158E158Q 


1.49 


158E158C 


1.46 


158E158A 


1.45 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Peradd 




formation 


WT/PosJ 


relative to 


Var 


WT 


158E158T 


1.45 


158E158P 


1.41 


158E158N 


1.41 


158E158M 


139 


158E158I 


138 


158E158D 


135 


159Q159R 


1.15 


159Q159C 


1.13 


159Q159S 


1.10 


159Q159D 


1.09 


159Q159A 


1.08 


159Q159M 


1.07 


159Q159P 


1.06 


159Q159L 


1.02 


161T161R 


3.61 


161T161Y 


2.40 


161T161H 


1.82 


161T161W 


1.41 


161T161I 


1.40 


161T161V 


127 


161T161L 


1.25 


161T161Q 


1.04 


162T162K 


122 


162T162R 


1.17 


162T162W 


1.15 


162T162Y 


1.03 


162T162H 


1.02 


163E163L 


1.50 


163B163Y 


1.41 


163E163H 


132 


163B163G 


125 


163E163W 


121 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Peracid 




formation 


WT/Po&y 


relative to 


Var 


WT 


163E163V 


1.13 


163E163R 


1.12 


163E163S 


1.12 


163E163A 


1.11 


163E163C 


1.11 


163E163F 


1.07 


165A165R 


1.70 


165A165K 


135 


165A165F 


123 


165A165Q 


121 


165A165V 


121 


165A165Y 


\20 


165A165T 


1. 18 


165A165I 


4 it 
1.17 


165A165P 


1.14 


165A165L 


1 AO 

1.08 


165A165G 


1.05 


165A165N 


1.01 


165A165S 


1.00 


166R166Y 


129 


166R166L 


127 


166R166I 


1.26 


166R166W 


125 


166R166H 


120 


166R166T 


1.19 


166R166V 


1.17 


166R166K 


1.17 


166R166S 


1.16 


166R166G 


1.15 


167V167T 


1.13 


167V167I 


1.08 


167V167Y 


1.07 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





formation 


WT/PosJ 


relative to 


Var 


WT 


4 T r4 /'TTT 

167V167H 


1J09 


168Y168G 


4 OA 

1J89 


168Y168T 


4 A*4 


168Y168V 


4 4 A 

1.19 


169S169Y 


126 


169S169R 


4 /* A 

124 


169S169K 


4 ft 
121 


1 69 S 1691 


i.lo 


169S169T 


tie 

1.15 


169S169L 


1 AO 

1.08 


169S169C 


* Al 

1. 03 


169S169Q 


l.UZ 


170A170K 


1.71 


170A170G 


toy 


t *ta a i *tat 
I70A17U1 




1 *7A A 1 *7AO 




170A170F 


1.44 


170A170T 


1.40 


170A170E 


128 


170A170D 


127 


170A170N 


121 


170A170V 


120 


170A170C 


1.15 


170A170Q 


1.15 


170A170L 


1.05 


170A170W 


1.04 


170A170M 


1.03 


171L171K 


205 


171L171H 


1.67 


171 L171T 


1.54 


171L171I 


1.53 


171L171S 


1.43 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





(npntoliAil 

luruiH uuii 


vY JL/ATOS*/ 


iCIaUVC III 


Vor 


WT 


171 T 171 F 
i/i i-fi / ir 


nn 

ImIV 


171 T 1710 
1/1 lvl / IvJ 


176 


171 T 171V 
1 /11-fl 11 1 


1 on 


171 T 171V 

1 / I J-rl 11 V 




1 77 A 1 TOT 
1 /ZA1 /Zl 


1 70 


177 A177S 


1.59 


1 77 A 1 77 W 
1 /Z Al /ZW 




1 77 A 1 770 


1 41 


1 77 A 1 77V 
1 /Z Al /ZV 


1 40 


1 77 A 1 77T 
1 /Z Al /Zl 


1 75 


1 77 A 1 77T 
1 /Z Al /Zlv 




1 79 A 1 77P 
1 /Z Al f 




171S17TY 

1 / Jul / Jl 


1.19 


173S173K 


1.17 


173S173W 


1.16 


173S17TL 


1.15 


173S173R 


1.09 


173S173H 


1.07 


173S173T 


1.06 


174F174G 


1.60 


174F174P 


1.54 


174F174Q 


1.42 


174F174C 


1.32 


174F174S 


1.16 


174F174L 


1.05 


175M175T 


2.21 


175M175G 


2.04 


175M175V 


1.93 


175M175L 


1.61 


175M175Q 


1.56 


175M175R 


135 


175M175N 


139 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Peracid 





1 W Ilia % lull 


WT/Pofl./ 


relative to 


Var 


WT 


175M175W 

X / «/ 1TA1 # «^ » W 


125 


176K176W 


1 19 

A* A^ 


176K176T 


1 04 


176K176Y 


1 04 

A • 


1 76 fr 176V 


1 04 

A iVt 


176K176G 


1 01 

A«V A 


178P178L 


1 82 


178P178Y 

1 I Oi A/OA 


138 


178P178K 


134 


178P178W 


1.14 


178P178G 


1.09 


179F179L 


1.15 


179F179Y 


1.05 


180F180L 


130 


180F180I 


1.20 


180F180V 


1.14 


180F180Y 


1.12 


180F180W 


1.11 


180F180K 


1.08 


180F180T 


1.01 


181D181A 


135 


181D181K 


133 


181D181Y 


1.29 


181D181W 


126 


181D181L 


125 


181D181R 


123 


181D181S 


121 


181D181Q 


1.14 


181D181E 


1.10 


181D181G 


1.09 


181D181C 


1.09 


181D181P 


1.03 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





Pcracid 




formation 


WT/PosJ 


relative to 


Var 


WT 


181D181T 


1.02 


182A182T 


1.14 


184S184Y 


1.06 


184S184F 


1.05 


184S184T 


1.04 


184S184H 


1.02 


185V185K 


137 


185V185Y 


137 


185V185W 


136 


185V185H 


130 


185V185L 


1.23 


185V185R 


1.15 


185V185G 


1.12 


185V185T 


1.11 


185V185S 


1.09 


185V185I 


1.07 


185V185F 


1.02 


186I186G 


1.86 


186I186T 


1.51 


186I186A 


1.46 


186I186S 


139 


18611 86V 


1.28 


18611 86L 


1.17 


186I186F 


1.01 


187S187K 


1.45 


187S187Y 


1.43 


187S187I 


138 


187S187L 


137 


187S187W 


130 


187S187H 


139 


187S187V 


133 


187S187T 


1.12 



Table 10-2. Variants with PAF 
Values Better Than Wild-Type 
Teradd 





formation 


WT/PosJ 


relative to 


Var 


WT 


187S187R 


1.04 


187S187G 


1.03 


187S187F 


1.02 


188T188Y 


1.48 


188T188V 


132 


188T188S 


1.16 


188T188I 


1.13 


188T188H 


1.11 


188T188R 


1.01 


189D189L 


130 


189D189H 


135 


189D189W 


1.09 


190G190W 


1.88 


190G190K 


1.01 


191V191Y 


132 


191V191H 


130 


191 V191W 


130 


191V191S 


130 


191V191K 


1.17 


191V191I 


1.14 


191V191F 


1.13 


191V191R 


1.05 


191V191L 


1.04 


196F196H 


1.77 


196F196L 


1.77 


196F196C 


1.74 


196F196M 


1.65 


196F196G 


139 


196F196S 


1.58 


196F196Y 


1.41 


196F196V 


1.40 


196F196I 


132 
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Table 10-2. Variants with PAF 
Values Better Than Wild-Type 





rera ciu 




ionnauoii 


Wl/rOSJ 


reiuuvc w 


var 


WT 




i m 

I.Ui 


ly / 1 iy/l-r 




1 AO 17 1 nOD 


1 R7 


1AOC1MT 

198E1981 


1 ftft 

l*OU 


19oElyoV 


I.DU 


1 no "c i noror 


1 ^0 


i no "c i oot 


1 ^7 


1 AO 17 1 0OD 




i no ciftov 


1 Aft 


1 AO 171 OQO 




t no t?i not? 


1 *7 


i oc 171 ooy\ 


1 7ft 


lOfi 171 OUT* 




lOfi T?10ftN 

iyo niyoiN 


A u^rT 


IQfiFIQftM 

iyo myoivi 


1 18 


lORFIQft^ 


1.06 


1 0O A 1 0OP 
iyy Aiyyv* 


1 77 


199A199K 


1.72 


199A199E 


1.56 


199A199L 


138 


199A199T 


133 


199A199R 


133 


199A199V 


132 


199A199D 


131 


199A199H 


127 


199A199Y 


124 


199A199F 


123 


199A199S 


120 


199A199G 


1.14 


199A199M 


1.07 


201N201Y 


129 


201N201F 


1.16 



Table 10-2. Variants with PAF 
Values Better Thanjyfld-Type 
Perackl 





fnrmfltinn 


WT/Po&y 

▼ T Art U9* 


rplfifrvp In 

A VloUTv MJ 


Var 


WT 


201N201G 


1 08 


202R202W 


1 97 


202R202F 


1 89 




1 69 


902R202H 


1 64 


202R202T 


1.55 


202R202S 


1 49 

A«~^ 


202R202A 


1.48 


202R202C 


1.44 


202R202M 


1.43 


202 R202L 


1.43 


202R202G 


139 


202R202I 


133 


203 D203L 


2.42 


203 D203R 


223 


203D203I 


1.99 


203 D203W 


1.99 


203 D203F 


1.92 


203D203H 


1.84 


203D203C 


1.78 


203D203S 


1.66 


2O3D203V 


1.66 


2O3D203G 


1.63 


203D203Q 


1.60 


203 D203A 


1.53 


203D203E 


1.34 


203 D203N 


1.05 
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The following Table, provides variants with a PAF PI greater than 1.5. 



Table 10A PAFPI>1.S 



Wild-Type 
Resfdoe/Pos. 


Variant Amino Acidftri 


A2 


W 


C7 


H-I-K.Y 


D10 


K.LW.Y 


L12 


CO 




A 


- E2Q 


ww w «^ «m «r * ww v 

C.G.H.L.S.T. V.W 


ty>i 
.M4J 


v tit ■ 


G22 


A 


T25 


G.S 


E26 


A-M 


A29 


G. R.V.W.Y 


P3J 


L-W 


O40 


G,I,K,L,N,R,S,T,W, 
Y 


L42 


H-K.W 


A44 


C.RL.V 


P47 


RT 


L53 


H 


S54 


A.LLP.R.V 


A55 


G.T 


T57 


R.S 


P63 


G 


P66 


H.LR. V 


... R67 


N 


. N69 


KV 


.... A7l 


GRLS.T 


L74 


GS 


P75 


R 



Table 10-3. PAP PI M 5 



Wild-Type 

Residue/Pos. Variant Aminn ArfrfM 


L78 


E.G.H.N.O.T.V 


A79 




TTA4 

H81 




D85 




TO* 


Eul 


P?5 


E 


£97 


R 


A9? 


G.RLL.S.T.Y 


PI04 


C,E,F,G,RI,N,R,S, 
T.VW 




CP 


1107 


E. GN.S 


L109 


N 


Mill 


1. JC L 


Y113 


L 


QH7 


A,F,G > RM,R,S,T, 
V.W.Y 


0123 


D.aj.t.T 


G124 


LL 


V125 


A.G.P.S 


G126 


T 


T127 


H 


A131 


G. R 1L P. R. V. W. Y 


PI32 


Y 


Y134 


G 


PHQ 




PHI 


G,H,J 1 )UR,3.T.Y 


L142 
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TnMelO-3. PAFPI>1.5 



Wild-Type 

Residue/Pos. Variant Amino Acidfsi 


A143 


F,H,K,L»P,Q,R,S,T, 
V.W 


PI 44 


F.H.K.R.S.Y 


M145 




P148 


A. KL L R. T. V 


1153 


K 


G157 


R.T 


E1S8 


F,H 1 KAR,3.Y.W.Y 


Tie* 


ff,ft, Y 


Al<55 


T 


YJ68 


G.T 


M70 


G.LK 


1471 


RT.K.T 


M7Z 


IS 


FJ74 


G.P 


M175 


a. T.O.R.T.V 


P178 




F196 
G190 
E198 
A199 
R202 

D203 
V206 
A209 
E210 
Q211 
Y212 


C,G,H,L,M,S 
W 

I,L,P f R,V,W 

C.E.K 
E,F,H,T,W 
A,C,F,G,H,I,L,Q,R, 

s,v,w 

E,F,G,H,K,R,S, 
K 

H,K,S,T,V,W 
K 

w 



Table 10-4 provides variants with PAF PI values greater than 2.0. 
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Table MM. Variants with PAF PI > 
" 2J) 



Wfld-Type 

Residue/P««- Amino Acid Variantfsl 


nn 
vr 




nifl 


V T W 


T 10 

Wrft 




POfi 




OA 


TUT 


WW. . - 


T JT T T W 


T AO 




AAA 


Jr. v 


VA1 
Pal 


p 


T K% 


W 




ATT P P V 


T 1A 


O 

O 




p O Ti M 

vj» xi. in 


D85 




T93 


F.Y 


D95 


B 


K97 


R 


m 


H.LLY 


PH04 


Q. H. L S. T. V. W 


N97 


E.S 


0117 


A,G,H.T,V,W,Y 


V125 


L G 


PHI 


Hi_U< 


1442 


W 


AH3 


fl,K,kR,T,Y,w 


pm 


K.Y 


P149 


V 


E158 




T161 


R.Y 


M71 


K 


M175 
D203 
V206 
P21Q 


G,T 

L.R 
E.F.K 
T 
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Hie following Table provides PAD assay results for various variants. 



Table 10-5. FAD Assay Results 




Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variam 


PAD Pert 
Ind. 




Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 




M0O1A 


A 


<0 01 




< 


TOflcp 


p 


A1 




- 


M001E 


F 


<ooi 


< 


TOfKR 


p 






M001F 


F 


<0 01 


5 


TOOSW 


w 


' «rft m 




M001G 


G 


<0 01 


5 


I005F 


V 


ft i^aac 




M001K 


K 


<0.01 


5 


I005S 


G 

o 


ft 3*577^ ft 




M001N 


_N 


<0.01 


5 


I005ff 


H 


ft *>9fift77 


j 


M001P 


p 


O.OI 


5 


I005T 


T 

* 


0 7212 


I 


M001R 


R 


O.OI 


5 


I005V 


V 


0.917243 




M001S 


S 


O.01 


6 


L006S 




o.oi 




M001T 


T 


<0.01 


6 


L006K 




<0 t 0J 




M001W 


W 


<0.01 


6 


L006G 


G 


<0.01 




M001V 


V 


0.944944 ! 


6 


L006H 


P 


<o,oj 


3 


K003V 


v 


0.835476 


6 


L006R 


R 


<0 r 0J 


4 


R0O4L 


L 


<0.01 


6 


L006W 


w 


<0.01 


4 


R004V 


V 


0.079216 


6 


L006E 


E 


O.OI 


4 


R0O4I 


I 


0.153122 


6 


L006O 


O 


<0.01 


4 


R004W 


w 


0.484006 


6 


L006V 


V 


0.352616 


4 


R004G 


o 


0.78952 


6 


M»6T 


„ T 


0.354148 


4 


R0O4S 


s 


0.907174 1 


6 


L006I 


I 


0.819654 


4 


R0O4E 


E 


0.970668 


7 


C007S 


s 


<o,01 


4 


R004Y 


Y 


0.983327 




7 


C007R 


R 


<o r oi 


4 


R0O4H 


H 


0.986096 




7 




.. h .... 


o.oj 


4 


R004O 


0 


0.98766 




7 


C007P 


P 


O.01 


4 


R004T 


T 


0.999841 




7 


C007T 


T 


o.oi ! 


5 


I005G 


G 


<0,01 




7 


C007W 


w 


o.oi ! 


5 


I0O5N 


N 


<0.01 




7 


C007Y 


Y . 


0.544454 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


7 


C007M 


M 


0.678238 


7 


C007G 


G 


0.686018 


10 


D010W 


W 


O.Ol 


10 


D010K 


K 


<0.01 


>o 


D010Y 


Y 


O.Ol 


10 


D010T 


T 


O.OJ 


10 


D010I 


I 


O.01 


10 


D010V 


V 


O.Ol 


10 


D010S 


s 


<0.01 


10 


D010G 


G 1 


<0.01 


10 


DOlOR 


R 


O.Ol 


10 


D010A 


A 


O.Ol 


10 


D010M 


M 


<o.oi ! 


10 


D010N 


N 


O.Ol 


10 


D010P 


P 


O.Ol 


10 


D010E 




0.H7??? 


11 


SOI IT 


T 


O.OJ 


11 


SOI w 


v 


1 O.Ol 


11 


SOI ID 


D 


<om 


11 


SOJJE 


E 


O.Ol 


11 


SOI IF 


F 


O.01 


11 


S011G 


G 


O.Ol 


11 


SOW- 


L 


O.01 


11 


SOI 10 


0 


O.0J 


11 


sour 


R 


O f 0> 


11 




H 


0.332012 


11 


SOI IK 


R 


0399168 


11 


S011A 


A 


0.528328 


11 


soui . 


I 


0.562735 



Table 10-5. PAD Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


12 


L012V 


V 


O.01 


12 


L012S 


S 


O.Ol 


12 


P0J2G 




0,01 


12 


W12R 


R , 


O.01 


n 


L0J2D 


P . 


<0,01 


n 


M>12P 


._P__ 


<o,01 


12 


W12W 


w 


O.01627385 
758566H 


12 


L012T 


T 


0-064264 . 


12 


L0J2A 


A 


0.074567 


12 


L012K 


K 


0.134919 


12 


L012H 


H 


0.164894 


12 


L012F 


F 


0.171369 


12 


MN2Q 


Q 


0.219754 


12 ... 


t ai or* 


r» 


\L±£132L£l — 


12 


L012N 




0.655242 


13 


T0J?F 


F 


o.oi 


" 13 


T013R 


R 


o,oi 


13 


T013W 


W. 


O.Ol 


"13 


T013O 


o 


0.508867 


13 


T013V 


V 


0.625148 


13 


T013S 


s 


0.682494 


13 


T013G 


G . 


0.768701 


14 


W014I 


I 


O.Ol 


M 


W014S 


s 


... <0,01 


14 


W014G 


G 


O.01 


14 


W014R 


K.._ 


O.01 


H 


W014V 


V 


O.01 


14 


W014L 




_ O.01 ,. 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


H 


W014T 


T._ 


<0.01 


14 


W014R 


R 


<0.01 


14 


W014N 


1* 


<0.01 


14 


W014P. 


P 


<0.01 


H 


W014E 


E 


0.150043 


14 


W014F 


F 


0.218073 


14 


W014A 


A 


0.271277 


14 


W014Y 


Y 


0.64896 


14 


W014W 


w 


0.989643 


15 


G015C 


c 


<0.01 


15 


G015N 


N 


<0.01 


15 


G015D 


D 


<0.01 


15 


G015E 


P 


<0.01 


15 


G015H 


P 


<0.0l 


15 




V 

— 




15 


G015L 


L 


<0 f 01 


15 


G015P 


P 


<0.01 


15 


G0J5R 


R - 


<0.0| . 


15 


G015Y 


Y . 


<0.01 


15 


G015A 


A 


0.614319 


15 


G015S 




0.631317 


\6 


W016S 


1 S 


<0.01 


16 


W016G 


G 


O.01 


16 


W016H 


H 


<0.01 


16 


W016N 


N 


O.01 


16 


W016R 


R 


<0.01 . 


16 


W016T 


T 


<0.01 


>6 


W016P 


P 


0.150383 


16 


W016O 


Q 


0.3J2038 



Table 10-5. PAD Assay Results 



Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


lo 


VVUiOIVx 


m 


n **7fti 55 


-Iff 


wnif*A 


A 


ft SS^ORR 


16 


WUlOxJ 


U 


ft <£071 1 


16 


WUlOti 


P 


ft #^7*75 


tit 


WUIPV 


V 


ft R75T77 


17 


\/A1 7 A 


A 


ft A75101 


1*7 
1/ 


VU1 /H 




ft 74071 7 


1 7 






ft R^R**45 


, n — 


\/ni 7V 


IT 

XV. 


ft R4447Q 


17 

1 / 


vui /r 




ft R470Q1 


1*7 i 

17 


V017T 

v / 1 


T 


0 861827 




V017Y 


Y 


0 876678 


17 

J7 


V017R 


R 


0 936013 


17 


V017P 


p 


0.956795 


17 


V017I 


I 


0.993337 


17 


V017L 




0.996217 




P018A 


A 


<o,oi 


18 


P018M 


M 


<0.01 


18 


P018S 


S 


0.066689 


19 


V019P 


P 


<0.01 


19 


V019M 


M 


0.117174 


19 






0,343385 


19 


V019O 


Q 


0.395965 


19 


V019A 


A 


0.554598 


19 


V019G 


Q 


0.55596 


19 


V019S 


S 


0.573928 


19 


V019E 


E 


0.620236 


19 


V019Y 


Y 


0.696626 


19 


V0J9P 


P 


0.785756 
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Table 10-5. PAD Assay Results 




Table 10-5. PAD Assay Results 


Position 


WIYPos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perl 
Ind. 


1? .. 


V019L 


L 


0.910961 


24 


P024J 


. j 


0-853247 


19 


V019K 


K 


0.965611 


24 


P024R 


R 


0.907892 


21 


D021V 


Y 


<o.oi 


24 


P024H 


H 


0.969695 


2* 


D021P 


P 


0.534939 


25 


T025P 


P 


<Q,Q1 


21 


D021S 


s 


0.689672 


25 . 


T025H 


H 


<0.01 


21 


P021P 


E 


0.864655 


25 


T025L 


L 


<0.01 


21 


D021F 


F 


0.876655 


25 


T025R 




<0.01 


21 


D021W 


W 


0.894205 


25 


T025M 


M 


<0,0J 


21 


D021L 


L 


0.971454 


25 


T025E 




«M>1 


22 


G022K 


K 


<0.01 


25 


T025D 


P 


<o,oi 


22 


G022W 


W 


0.231005 


25 


T025K 


R 


0,J334P$ 


22 


G022R 


R 


0.563069 


25 


T025W 


W 


0,144315 


22 


G022V 


v 


0.850851 


25 


T025I 


1 


0350917 


22 


G022S 


s 


0.981692 


25 


T025G 


<5 


0.4262H 


23 


A023R 


R 


0.2o30!0 






c 


0.509792 


23 


A023S 


s 


0.335177 


25 


T025V 


V 


0.514769 


23 


A023G 


G 


0.350575 


25 


T025S 


s 


0.576256 


23 


A023F 


F 


0.438047 


25 


T025A 


A 


0.863346 


23 


A023V 


V 


0.598414 


26 


E026S 


s 


0.280953 


23 


A023O 


0 


0.732052 


26 


E026T 


T 


Q.397Q5 


23 


A023P 


p 


0J3345J 


26 


E026W 


W 


0.471182 


23 


A023W 


W 


0.801206 


26 


E026N 


N ... 


0.47572 


23 


A023M 


M 


0.946802 


26 


E026R 


R 


P.813632 


23 


A023Y 


Y 


0.962455 


26 


E026G 


G 


0.869755 


24 


P024S 


S 


0.614708 


26 


E026C 


! c 


0.93998J 


24 


P024O 


0 


0.652848 


26 


E026V 


! 'v 


0.966156 


24 


P024T 


T 


0.663925 


26 


E026P 


P 




24 


P024A 


A 


0.681992 


27 


R027W 


W . 


<0.01 


24 


P024G 


Q 


0.75522? 




27 


R027T 


T 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 








77895526 


27 


R027P 


P 


0.483512 


27 


R027C 


C 


0.58498 


27 


R0275 


s 


0.686775 


27 


R027G 


G 


0.836174 


27 


R027E 


P 


0.925988 


27 


R027V 


V 


0.943209 


28 


F028G 


G 


<0.01 


28 


F028H 


n 


<o.o* 


28 


F028I 


i 


<0.01 


28 


F028R 


R 


<0.01 


28 


F028P 


p 


0.385272 


28 


F028V 


V 


0.531941 


28 


F028S 


s 


0.696363 


29 


A029V 


V 


0.43718 


29 


A029T 


T 


0.467508 


29 


A029S 


S 


0.546873 


29 


A02?y 


Y 


0.593264 f 


29 


A029P 


p 


0.622623 1 


29 


A029R 


R 


0.728312 


29 


A029W 


W 


0.738583 


2? 


A029M 


M 


0.768108 


29 


A029G 


G 


0.802278 I 


29 


A029E 


E 


0.844095 ! 


29 


A029D 


D 


0.996225 


30 


P030M 


M 


0.78893 


30 


P030Q 


O 


0.905135 ! 


30 


P030A 


A 


0.918048 


31 


P031P 


E 


0.882779 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


27 


R927P 


P 


0.483512 


27 


R027C 


C 


0.58498 


27 


R0273 


s 


0.686775 


27 


R027G 


G 


0.836J74 


27 


R027E 


P 


0.925988 


27 


R027V 


V 


0,94320? 


28 


FQ28G 


G 


O.0J 


28 


F028H 




<O.Q) 


28 


F028I 


I 


om 


28 


F028R 


R 


<O.0} 


28 


F028P 


P 


0385272 


28 


F028V 


V 


0.531941 


28 


F028|S 


s 


0.696363 


29 


A029V 


V 


0.43718 


2? 


A029T 


T 


0.467508 


29 


A029S 


15 


0.546873 


29 


A029Y 


Y 


0,593264 


29 


A029P 


P 


0.622623 1 


29 


A029R 


R 


0.728312 


29 


A029W 


w 


0.7385?? 


29 


A029M 


M 


0.7681Q8 


2? 


A029G 


G 


0.802278 


2? 


A029E 


E 


0.844095 


29 


A029D 


P 


0.996225 


30 


P030M 


M 


0.78893 


30 


P030Q 


o 


0.9O5135 


30 


P030A 


A 


0.918048 


31 


D031E 


E 


0.882779 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


32 


V032P 


P 


<0.01 


32 


V032R 


! R 


0.715259 


33 


R033D 


P 


<o,oj 


! 33 


R033E 


■ ' E 


<o,Pl 


1 33 


R033U 


P 


<0.01 


33 


Rp?3P 


P 




33 


R033W 


W 


«o,o> 


33 


R033V 


V 


0.935183 


34 


W034R 


R 


<0 r 01 


34 


W034E 


E 


<0.01 


34 


W034K 


K 


<0.01 


34 


W034O 


o 


0.041311 


34 


W034S 


s 


0.079486 


34 


W034T 


T 


0.153641 


34 ., 


W034V 


V 


... 0.72591 


34 


W034G 


G 


0.880049 


34 


W034I 


I 


0.93831 


35 


T035Q 


0 


<o,pi 


35 


T035N 


N 


«0.01 


35 


T035R 


R 


O.01 


35 


T035K 


K 


O.01 


35 


T035L 


L 


<o,o* 


35 


T035P 


P 


<0.01 


35 


T035W 


W 


O.01 


35 


T035Y 


Y 


O.01 


35 


T035V 


V 


0.344374 


36 


G036P 


P 


<0.01 


36 


G036S 


s 


0.25722 


36 


G036T 


T 


0.326076 



PCTAJS2004/040438 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


36 


G036V 


V 


0.375828 


36 


G036M 


• M 


0.536338 


36 


G036N 


N 


, 0,557724 


36 


G036W 


w 


0.682701 


36 


G036Q 


.0 


P.712P2? 


36 


G036R 


.. R 


0.897684 


38 


M)?8K 


K. 


<o,oj 


38 


M)38G 


a 


O.01 


38 


L038E 


E 


<0.01 


38 


L038P 


p 


<P,P1 


38 


L038O 


o 


<0.01 


38 


L038R 


R 


<0.01 


38 


L038W 


w 


<0.0? 


40 


Q040P 


P 


O.pJ 


4)1 


Q041V 


Y 


<0,0| 


41 


Q041S 




0.2224J? 


4* 


Q041P 


_P 


0.662368 


41 


O041Y 


Y 


0.701492 


41 


O041W 


W 


0.878483 


42 


L042W 


W 


<0.01 


42 


L042H 


H 


<o.Pl 


42 


L042T 


T 


<0,PJi 


42 


L042D 


D 


O.01 


42 


L042O 


0 


0,280??J 


42 


W42S 


s 


0.450557 


42 


L042R 


R 


0.64188 


42 


L042I 


I 


0.658658 


42 


MH2V 


Y 


0.725221 


42 


MH2M 


M 


P-73687 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert. 
Ind. 


42 


L042G 


G 


0.759964 


43 


G043S 


S 


0.233902 


43 


G043P 


P 


0.310899 


43 


G043V 


V 


0.332639 


43 


G043O 


Q.._ 


0.475759 


43 


G043R 


R 


0.585481 


43 


G043C 


C 


0.725373 


43 


G043I 


I 


0.766408 


43 


G043K 


K 


0.856798 


43 


G043M 


M 


0.877674 


43 


G043Y 


Y 


0.944457 


43 


G043H 


n 


0.957156 


44 


A044S 


s ! 


<0.01 


44 


A044Y 


Y 


<0.01 


A A 

44 


A0441 






44 


A044R 


R 


<0.01 


44 


A044D 


D 


o.oi ! 


44 


A044H 


H 


<0.01 


44 


A044P 


P 


<0.01 


44 


A044E 


E 


0.028463 


44 


A044V 


V 


0.504951 


44 


A044F 


F 


0.803847 


44 


A044W 


w 


0.847767 


44 


A044M 


M 


0.975188 


44 


A044L 


L 


0.99381 


45 


D045S 


S 


0,382964 


45 


D045T 


T 


0.438291 


45 


D045R 


R 


0.492492 


4? 


D045V 


V 


0.500J29 
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Table 10-5. PAD Assay Results 


rvsiuun 


WT/Pos/ 
Mutation 


VarMinf 

t omul 


PAD Pert 
Ind. 


45 


D045P 




0.53J241 


,; 45 


D045Q 


Q 


0.568687 


45 


D045W 


w 1 


0.582004 


45 


D045H 


H 


0,779564 


45 


D045L 


L 


0.781626 


45 


D045M 


M 


0.78286 


45 


D045G 


G 


0.839279 


45 


P045A 


A 


0.841569 


45 


D045C 


C 


0.844725 


45 


D045K 


R 


0.867296 


46 


F046H 


P 




46 


F046T 


T 


0.429962 


46 


F046W 


w 


0.633171 


46 


F046S 


CI 

s 


0.656356 




rvrtvJ V 


v 


0 786355 


1 46 


F046I 


I 


0.882982 


! 46 


F046G 


G 


0.9446J4 


47 


E047P 


P 


0.357072 


47 


E047R 


R 


0.62O5P1 


47 


E047N 


N 


0.627512 


47 


E047S 


S 


0.628088 


47 


E047M 


M 


0,703)134 


47 


E047A 


A 


0.757492 


47 


E047F 


F 


0.763159 


47 


E047C 


c 


0.772744 


47 


E047T 


T 


O r 837562 


47 


E047D 


P 


Q.975388 


47 


E047H 


P . 


0.99217 


48 


V048R 


R .. 


<0.01 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


48 


V048W 


W 


O.01 


48 


V048S 


s 


0.423613 


48 


V048G 


G 


0.873544 


48 


V048N 


N 


0.980906 


48 


V048E 


P 


0.987222 


4? 


I049P 


P 


0.161279 


49 


I049R 


R 


0.29139 


49 


I049W 


W 


0.676641 


49 


1049H 


H 


0.740799 


49 


I049S 


S 


0.789362 


49 


I049E 


E 


0.876247 


49 


I049V 


V 


0.972022 


50 


E050R 


R 


<0.01 


50 


E050W 


W 


0,14091 


5Q 


E050V 


V 


0.425221 


50 


E050I 


i 


0.575369 


50 


E050S 


s 


0.645021 


i 50 


E050O 


Q 


0.906441 


50 


E050L 


L 


i 0.967983 


51 


E051R 


R 


<0.01 


51 


E051P 


P 


<0.01 


51 


E051I 


1 


0.044391 


51 


E051W 


W 


0.165053 


i 51 


E051Y 


V 


0.367755 


51 


E051O 


Q 


0.761883 


■ 51 


E051L 


h 


0.927544 


52 


G052H 


H 


<0.01 


52 


G052S 


S 


<0.01 


52 


G052V 


V 


<o.oj 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


52 


msM 


X 


<0,oi 


52 


G052M 


M 


<0.01 


52 


O052F 


F 


<0.01 


52 


G052I 


I 




52 


G052P 




0 242545 


52 


G052L 


h 


0.244397 


52 


G052O 


Q 


0.283827 


52 


G052R 


R 


0,349923 


52 


G052E 


E_ 


0.549067 


52 


G052A 


A 


0.793929 


53 


L053R 


R 


<0.01 


53 


L053W 


W 


<0.01 


53 


M>53P 


P 


<0.01 


5? 


M)5?P 


U 


<0.01328259 
968325 


53 


L053E 


P 


0,191623 


53 


L053K 




0.237686 


53 


L053S 


S 


0.260431 


S3 


L053G 


G 


0.32712 


53 


L053V 


V 


0.652864 


53 


L053I 


I 


0.659806 


53 


L053O 


Q 


Q.717093 


53 


L053T 


T 


0.842042 


54 


S054F 


F 


O.01 


54 


S054W 


W 


O.Q1 


54 


S054H 




<0.01 


54 


S054R\ 




0.083519 


54 


S054I 


I 


0.116295 


54 


S054Y 


Y 


0,124722 
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Table 10-5. PAD Assay Results 


Position 


WI/JrOS/ 
iVTiitntinn 

l~ A. U US UUU 


Variant 


PAD Perl 
ind. 




Position 


WT/Pos/ 
lYiuumOD 


Variant 


PAD Perf. 
Ind* 


54 


S054G 


G 


0.170484 




56 


R056W 


W 


<001 


54 


S054L 


L 


0.258821 




56 


R056Y 


Y 


<001 


54 


S054V 


! •■ v 


0.285755 




56 


R056S 


s 


0 123501 


54 


S054E 


E 


0 296919 




56 


R056L 


L 


0 ?^7<m 


54 


S054T 


T 


0 329279 




56 


R056N 


N 


0-267811 


54 


S054R 


R 


0 354857 




56 


R056A 


A 


068802 


54 


S054M 


M 


0482666 




57 


T057R 


R 


! <D.01 


54 


S054O 


O 


0 531633 




57 


T057P 


P 


O.01 


54 


S054D 


D 


0 647787 




57 


T057W 


w 


O.01 


54 


S054C 


C 


0 87772 




57 • 


T057N 


N 


0.245605 


55 


A055V 


V 


<0.01 




57 


T057C 


C 


0.398001 


55 


A055I 


' I 


<0.01 




57- 


T057Y 


Y 


0.551709 


55 


A055P 


P 


<0.01 




57 


T057H 


H 


0.605386 


55 


A055W 


w 


<0.01 




57 


T057A 


A 


0.651879 


_. 55 


A055Y 


Y 


0.176777 




57 


T057L 


L 


0.762087 


55 


A055R 


R 


0.245648 




57 


TQ57Y 


V 


0.86913 


55 


A055T 


T . 


0.415054 




57 


T057I 


I 


0.870692 


55 


A055G 


G 


0.731513 




58 


T058E 


E 


O.01 


55 


A055L 


L 


0.866592 




58 


T058G 


G 


<0.01 


55 


A055S 


S 


0.866756 




58 


T058S 




O.0J 


55 


A055H 


P 


0.92J90? 




5? 


T058P 


? 


O.OJ 


56 


R056C 


c 


<0.01 




58 


T058R 


R 


<0.01 


56 


R056G 


G 


<0.01 




58 


T058W 




<0.01 


56 


R056T 


T 


<0.01 




58 


T058Y 


Y 


O-Oi 


56 


R056E 


P 


<0.01 




58 


T058M 


M 


0.026886 


56 


R056H 


H 


<0.01 




58 


T058A 


A 


0.36|258 


...56 


R056R 


,. J& . , 


<0.01 




58 


T058V 


V 


0.955494 


56 


R056P 


P 


<0.01 




58 


T058S 


s 


0,964758 


56 


R056Q 


0 


O.01 




5? 1 


ISIS 


R 


<©.0> 
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Table 10-5. PAD Assay Results 


rosioon 


WT/Pos/ 
Mutation 


T7 • a. 

Vanani 


PADPerf. 
Ind. 


59 


N059M 


M 


<0.01 


59 


N059P 


P 


<0.01 


59 


N059O 


0 


0.165409 


5? 


fTO59T 


T 


0.501362 


5? 


N059S 


9 


0.65J98? 


5? 


N059K 


_ K 


o r mm 


5? 


N059E 


, E 


0.879272 


59 


N059V 


v 


0.887341 


59 


N059G 


G 


0.890006 


59 


N059F 


F 


0.9J127? 


59 


N059A 


A 


0.929578 


59 


N059Y 


.. Y 


0.99189 


59 


N059C 


c 


0.99959 


60 


I060P 


p 


0.318965 


ou 


lUoOU 


D 


0.660273 


60 


I060C 


c 


0.668516 


60 


I060M 


M 


0.682237 


60 


I060A 


A 


0.788799 


60 


I060R 


R 


0.809655" 


60 


I060L 


L 


0.913226 


60 


I060E 


E 


0.923286 


60 


I060K 


K 


0.959958 


60 


I060S 


s 


0.999829 


61 


D061F 


f 


0.698154 


61 


D061A 


A 


0.708121 


61 


D061C 


c 


0.848446 


61 


D061Y 


Y 


0.948278 


61 


D06JV 


V 


0.968066 


61 


D061N 


N 


0.999276 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD TWf 
a /u; rait 

Ind. 


62 


D062T 


. T 


<0.01 


62 


PP62J 


I 


<0.01 


62 


D062V 


Y 


<0.01 


. 62 


P062H 




<0.Ol 


62 


D062W 


w 


<0.01 


62 


D062S 


S 


<0.01 


62 


D062L 


. h 


.. <0,QJ 


62 


D062G 


G 


<0.01 


62 


D062R 


R 


<P.Q1 


62 


D062M 


M 


<0,01 


62 


D062P 


P 


<0.01 


62 


D062O 


O 


<0.01 


62 


D062A 


A 


0,113753 


62 


D062C 


C 


0.490736 


62 


D062E 


E 


0.602369 


63 


P063A 


A 


0.598416 


63 


P063R 


R 


omm 


63 


P063J? 




0.898408 ! 


. 63 


P063M 


M 


0.908904 


63 


P063F 


F 


0.925844 


63 


P063Y 


Y 


0.948378 


64 


T064R 


R 


0-10620? 


64 




p _ 


0-640095 


64 


T064W 




0.691185 ! 


64 


T064Q 


Q 


0.865J68 


64 


T064C 


c 


0.876862 


64 


T064P 


P 


0,936023 


64 


T064U 


p 


0.960718 i 


64 


T064N 


... N 


0,?83933 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Per£. 
Ind. 


1 64 


T064S 


S 


0.987972 


65 


D065V 


v 


0.199467 


65 


D065R 


R 


0.215599 


65 


D065P 


P 


0.39817? 


65 


D065Y 


Y 


0.42301 


65 


D065P 


P 


0.423122 


65 


D065S 


S 


0.468174 


65 


D065W 


w 


0.50219 


65 


D065T 


T 


0.5039 


65 


D065G 


G 


0.51655 


65 


D065I 


I 


0.617391 


65 


D065A 


A 


0.723321 


66 


P066N 


N 


' 0.381273 


66 


P066O 


6 


0.422614 


66 


P066G 


G 


0.444859 


66 


P066R 


R 


0.508806 


66 


P066C 


c 


0.523524 


66 


P066A 


A 


0.563865 


66 


P066F 


F 


0.672865 


66 


P066Y 


Y 


0.699931 


66 


P066D 


D 


0.718749 


66 


P066I 


I 


0.844376 


66 


P066V 


V 


0.89302 


66 


P066H 


H 


0.947771 ! 


66 


P066L 


L 


0.987271 


67 


R067F 


F 


O.01497362 
60903786 


67 


R067W 


W 


O.01713297 
32205367 


67 


R067P 


P 


0.036575 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


67 


R067E 


E 


0.113415 


67 


R067V 


Y 


Q.J203 


67 


R067Q 


O 


0.J26838 


67 


R067L 


h ■ 


0.156654 


67 


R067A 


A 


0,215271 


67 


R067T 


T 


0.315404 


67 


R067N 


N. 


0.333066 


67 


R067G 


G 


0.40823 


67 


R067K 


. .K 


0.986487 


68 


L068G 


_ G 


<0.01 


68 


L068A 


A 


<0.01 


68 


L068M 


M 


0.02834 


68 


L068C 


C 


0.05996 


68 


L068S 




0.071622 


68 


L068N 


N 


0.100981 


68 


L068E 


E 


043J505 


68 


WH 




0,222734 


68 


L068O 


Q 


0.254448 


68 


L068F 


F 


0^54797 


68 


L068T 


T 


0 r 324?04 . 


68 


L068P 


P 


0.35297 


68 


L068D 


D 


0.443469 


68 


JL068Y 


Y 


0.447862 


68 


L068R 


R 


0.465293 


68 


L068V 


V 


0.507389 


68 


L068W 


w 


0.561612 


68 


L068I 


I 


0,7273*2 


69 


N069Y 


Y 


0.173925 


6? 


N069W 


w 


0.55063 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Peri. 
In<L 


OV 


MOAOP 


p 


0 591783 


oy 




XV - 


0 828172 






Ci 


0 976332 


/u 




M 


<0.01 


■i 7v — 


UU/ill 


T 


<n 01 


7A 


nA70P 
\JU/UJT 


p 


<0 01 


7A 
/u 




v 

V 


<0 01 


7A 

» /u 






<o.oi 


7A 


CS070R 

\J\J / VJV . 


p 


<0.01 


7A 


r?070V 

VJU /\J I 


Y 

r n 


O.01 


70 


G070IC 


K 


<0.01 


70 


G070N 


N 


<0.01 


70 


G070O 


o 


<0.01 


70 


G070F 


F 


<0.01 


70 


G070I 


I 


0.270463 


70 


G070E 


E 


0.33356 


70 


G070S 


S 


0.638917 


71 


A071P 


P 


<0.01 


! 71 


AQ7W 


N 


0.613838 


71 


A071D 


P ., 


0.646588 


71 


A07JG 


G 


0.675895 


n 


A071S 


S 


0.693249 


71 


A071R 


R 


0.771492 


71 


A071H 


H 


0 r 78J?53 


71 


A«7?I 


I 


0.786894 


71 


A071T 


T 


0.79386 


1\ 


A071E 


E 


0.809505 


71 


A071L 


L 


0.838126 


n 


A07JF 


F .. 


0.985677 . 
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Table 10-6. PAD Assay Results 


Position 


WT/Pos/ 

t/T«« 4w ij A n 

mutation 


Variant 


PAD Pert 
ino. 


71 


A071C 


c 


0.993683 


72 


S072Y 


Y 


0.069096 


72 


S072W 


W 


0.339835 


72 


S072P 


p 


0.555612 


72 


S072O 


o 


0.655328 


72 


S072L 


L 


0.703483 


* 72 


S072R 


R 


0.742354 


72 


S072D 


D 


0.800127 


72 


S072V 


V 


0.82827 


72 


S072E 


E 


0.930527 


72 


S072T 


T 


0.973836 


73 


Y073P 


P 


<0.01 1 


73 


Y073R 


R \ 


0.262561 


7? 


Y073J. 


L 


0 f 4?7588 


73 


Y073G 


G 


0.50969? 


73 


Y073H 


H 


0.515737 


73 


Y073I 


I 


0.641914 


73 


Y073S 


£ - 


P.6762S5 


73 


Y073V 


V 


0.73535 


73 


Y073N 


"N . 


0.758401 


7? 


Y073P 


D 


0,803442 . 


73 


Y073O 


o 


0.866092 


73 


Y073K 


K 


, 0 t 944J66_ 


76 


S076W 


W 


<0.01 


76 


S076Y 


Y 


0.177113 


76 


S076F 


F 


0.461095 


76 


S076Q 


O 


0900789 


77 


C077Y 


,., Y 


<0.01 


77 


C077R 




. <o,on 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


77 


C077W 


w. 


<0.01 


77 


C077F 


F 


<0.01 


77 


C077N 




<0.01 


77 




p 


<0.01 


77 


C077G 


G 


0.181068 


77 


C077L 


h 


0.734708 


! 77 


C077S 


s 


0,764136 


77 


C077V 


V 


0.802259 


77 


C077A 


A 


0.912937 


78 


L078E 


E 


<0.01 


1 78 


L078N 


N 


<0.01 


78 


L078A 


A 


<o.oi 


78 


L078P 


P 


<0.01 


78 


L078R 


R 


<0.01 


78 


L078S 


s 


<U.U1 


78 


L078M 


M 


0.477538 


78 


L078O 


Q 


0.519566 


78 


L078C . 


c . 


0.779536 


78 


L078Y 


Y 


0.809511 


78 


L078V 


V 


0.827484 


79 


A079H 


H 


<0.01 


79 


A079F 


F 


<0.01 


1 79 


A07?v 


V 


O.01 


79 


A079C 


c 


0.026887 


I 79 


A079O 


o 


0.268704 


19 


A079E 


p 


0.272158 


19 


A07?f* 


N 


0.281684 


79 


A079M 


M 


0.284387 


7? 


...A079R 


R . 


0.32161? 



Table 10-5. PAD Assay Results 



Pncitinn 
rusiuuu 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


79 


Air/y w 


TTf 


A KlfYIAA 

0.53U740_ 


19 . 


A079T 


T 


U.SVoiOo 


79 . 


A. /V7AT 

A079I 






79 


A079S 


S 


A TfAjOO 

0/77»28 


19 . 


A079O 


G 


■ AA1 


7? 


A079P 


. X 


A Ai€1 /IT 


79 


A079L 


L 


0.958677 


80 


T080W 


w 


^A At 
<U.0l 


80 


T080L 


T 


Wi A1 


80 


T080K 




<U.01 


80 


T080R 


R 


<fA A1 


80 


TOoUE 




^ ni 


80 


T080P 




<rO ni 


OA 

80 


IUoUH 


a — 


ft 040717 


80 


T080Y 


Y 


0.107973 


80 


T080I 


i 


0,146*88 


80 


T080N 


. N 


0,529867 


82 


L082R 


R 


<0.01 


82 


L082S 


s 


<0.01 


82 


L082W 


w 


<0.01 


82 


L082V 


V 


0.187819 


82 


M>82G_ 


G 


0.310823 


82 


L082T 


T ., 


0,37741? ... 


82 


L082H 


H 


0.468806 


82 


L082I 


I 


0.508005 


82 


L082K 


K 


0,5085?7 


82 


L082P 


P 


0.516154 


82 _ 


L082A 


A 


0 r ?762?8 , 


83 . 


P083T 


- T 


<0.01 



264 



WO 2005/056782 



GC821-2 



Table 10-5. PAD Assay Residls 


Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


?3 


P083V 


V 


0.186837 


83 


P083L 


L 


0.211018 


83 


P083H 


H 


0 r 6H439 


83 


P083W 


w 


0.621496 


83 


P083G 


G 


0.677444 


83 


P083S 


IS 


0.789585 


83 


P083O 


Q 


0.818267 


83 


P083D 


D 


0.831344 


83 


P083F 


F 


0.99445 


84 


L084W 


W 


<0.01 


84 


L084V 


V 


0.416576 


! 84 


L084P 


P 


0.43025 


84 


L084T 


T 


0.438956 


84 


L084A 


A 


0,453182 


84 


L084O 


o 


0.516002 


84 


L084S 


s 


0.550862 


84 


L084R 


R 


0.565943 


84 


L084N 


N 


0.665228 


84 


M)84K 


K 


0.79008 


84 


L084D 


D 


0.85276 


84 


L084I 


I 


0.870124 


84 


L084H 


H 


0.993217 


85 


D085J 


I 


0.100248 


85 


D085L 


L 


0.241561 


85 


D085V 


V 


0.25268 


85 


D085W 


W 


0.341677 


85 


D085P 


P 


0.543807 


85 


D085Y 


Y 


0.554364 


85 


D085S 


S 


0.675803 
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Table 10-5. PAD Assay Results [ 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perl 
In<L 


85 


D085T 


- T 


Q f 708548 


85 


D085N 


N 


0.781957 


85 


D085O 


o 


0,988545 


86 


L086H 


H 


<o,oj 


86 


W»6S 


s 


O.01 


86 


L086R 


R 


<9,oi 


86 


L086E 


J?..., 


<o,oi 


86 


WW 


...P. 


<0 f Ql 


86 


L086Q 


o 


<P,oi 


86 


L086W 


W 


o f 077717 


86 


L086V 


Y 


0.120133 


86 


L086T 


T 


0,284184 


86 


L086G 




0.6963?? 


86 


L086Y 


.. Y.„ . 


0,815121 


86 


L086P 


P 


0 T 987233 


87 


V087S 


s 


<0.01 


87 


V087G 


G 


<0.01 


87 


V087Y 


Y 


<o,oi 


87 


V087R 


R 


<o,Ql 


87 


V087K 




<P,01 


87 


V087D 


D 


<o,oi 


87 


VQ87F 


. r 


0.103908 


87 


V087T 


T 


0.147618 


87 


V087A 


A 


0.16806 


1 87 


V087M 


M 


0,751854 _ 


8? 


mm 




<0.01 


89 


I089S 


s 


<0.01 


89 


I089G 


G 


<0.01 


89 


J089W 


W 


<0.01 



265 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



Table 10-5. PAD Assay Results 


Position 


w i/rus/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


89 


I089O 


Q 


<0.01 


89 


I089D 


D 


O.01 


89 


I089E 


E 


O.01 


89 


I089R 


R 


<0.01 


89 


T089F 


F 


0.745747 


89 


T089V 


V 


0.820031 


89 


I089T 


T 


0500425 _ 


94 


N094L 


L 


O.0J 


94 


N094T 


T 


<0.01 


94 


N094V 


V 


O.0J 


94 


N094H 


H 


<0.01 


94 


N094R 


R 


<0.01 


94 


N094W 


W 


0,01 , 


94 


N094M 


M 


0.031458 


94 


N094C 


c 


0.072751 


94 


N094Y 


Y 


0.123924 


! 94 


N094G 


G 


0.532837 


94 


N094A 


A 


0,74316 


94 


N094P 


P 


0.789771 


94 


N094S 


S 


0.877698 


95 


P095A 


A 


<0.01 


?5 


D095C 


C 


O.01 


95 


P095G 


G 


<o,oi 


95 


D095H 


H 


<0.01 


95 


D095K 


£ 


O.01 


?5 


D095L 


L 


O.01 


95 


D095N 


N 


O.01 


95 


D095O 


Q 


O.01 


95 . 


P095R 


R 


o,o\ 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


95 


D095S 


s 


<0.01 


95 




T 


<0.01 


95 


D0Q5V 


V 


<Q,QJ 


95 


D095W 


w 


<o.o\ 


?5 


D095Y 


Y 


<0.01 


95 


D095E 


E 


0.754335 


96 


T096I 


I 




96 


T096W 


ffi 


<o.o\ 


96 


T096Y 


Y... 


O.0J 


96 


T096R 


R 


0.136108 


96 


T096V 


V 


0.58611 


96 


T096S 


s 


0.786547 


96 


T096P 


p 


0.885134 


97 


K097Q 


o 


<0„01 


97 


K097G 


G 


<0,QJ 


97 


K097J 


i 


<0.01 


97 


K097W 


W. 


<0.01 


97 


JC097^ 


L 


O.0J 


97 


K097V 


V 


<0.01 


97 


K097Y 


Y 


<0.0l 


97 


K097S 


s 


<0.0l 


97 


K097T 


T 


<0.01 


97 


K097D 


D 


<0.01 


97 


K097M 


M 


0.216645 


97 


.^097A 


A 


0.227977 


97 


K097P 


P 


0.26585 


97 


K097R 


R 


0.587184 


99 


_y099R 




0.291941 


99 


Y099Y 


v,,_ 


0 r 3H502 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


99 


Y099S 


S 


0.367181 


99 


Y099W 


W 


0.566038 


99 


Y099H 


H 


0.591623 


99 


Y099I 


I 


0.60574 


99 


Y099G 


G 


0.700083 


99 


Y099P 


P 


0.813989 


99 


Y099A 


A 


0.822549 


99 


Y099L 


L 


0.856204 


100 


H00W_ 


W 


<0.01 


100 


FJ00JC 


K 


<0.01 


ioo 


F100D 


D 


<».01 


100 


F100E 


E 


0,152427 


100 


F100S 


?5 


0.852784 


101 


R101W 


W 


<0.01 


101 


R10JK 


K 


0.068708 


101 


R101O 


O 


0:107171 


101 


R101V 


V 


0.442582 




R101D 


D 


0.800722 


101 


R10JY 


Y 


0.803109 


101 


R101P 


p 


0.855496 


10} 


R101N 


N 


0.918012 


J01 


R101C 


c 


0.946306 


101 


Rioil 


I 


0,955711 


101 


R101F 


F 


0.965422 


102 


R102W 


W 


O.01 


102 


R102F 


F 


0.226881 


102 . 


R102G 


G 


0,270733 


102 ,.. 


R102C 


c . 


0.363718 


102 


R102V 


Y 


0.60605 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


102 


.R102D 


D 


0.684234 


102 


R102P 


P 


0,89470? 


102 


RJ02S 


s 


0.960127 


103 


T103W 


W 


0,01 


10? 


T1Q?Y 


Y 


<0.01 


103 


T103G 


G 


<0.01 


103 


T103K 


K 


<0.01 


103 


T103I 


I 


<0,Q1 


103, 


T103L 


h 


<0.0J 


103 


T10?R 


n 


<0.01 


103 


T103A 


A 


0.01 


103 


T103V 


V 


<0.01 


10? 


T103S 


S 


<0.01 


10? 


T103C 


C 


<9.Qi 


103 


T103R 


R 


<0.01 


103 


T103N 


N 


<o.01 


103 


T103F 


F 


<0.0> 


103 


T103P,. 


P 


<o,oi 


104 


P104R 


R 


0.01 


104 


P104A 


•A 


<0.01 


104 


P104L 


L 


<0.01 


104 


P104W 


W 


0.232802 


104 


P104T 


T 


0.333526 


104 


P104S 


S 


052911? 


104 


P104O. 


O 


0.847699 


104 


PJ04F 


• F 


0.863543 


104 


PJ04G 


G 


0-9845?? 


105 


L105V 


V 


<0.01 


105 


L105A 


A 


<0.01 
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Table 10-5. PAD Assay Results 


rosinon 


wr/Posi 

Mutatioi 


i 

Vftriom 
T ttllaul 


PAD Perl 
Lid. 




rosinon 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


105 


L105M 


- M 


<p.0J 




w 


A108N 


V 


;. o,oi 


105 


L105E 


P 


0.528458 




108 


A108P 


P 


<0.01 I 


105 


L105S 


_ s 


0.609931 




108 


A108R 


- R. 


<0.01 


_M>5 


M05Y 


Y 


0.620029 




108 


A108E 


.. E 


0.60726 


105 


L105T 


T 


0.638962 




108 


A108O 


' Q 


0.734472 


105 


L105P 


P 


0.902642 




108 


A108T 


. T 


0.865471 


106 


D106R 


R 


0.559786 




108 


A108V 


Y 


0.950481 


106 


D106O 


Q 


0.617485 




10? 




w 


. <o,oj 


.,,106 


D106P 


P 


0.632087 




10? 


po?p 


P 


0.106206 f 


106 


D106N 


N 


0.642667 




109 


L109I 


... 1 


0.144257 


106 


D106M 


M 


0.855673 




"10? 


L109E 


. P 


.0.194168 


106 


D106I 


I 


0.915931 




10? 


L109R 


R 


0.210346 


106 


D106L 


L 


0.99561 




JO? 


L109H 


ft 


p.220153 


107 


I107E 


E 


<0.01 




109 


L109O 


Q 


.0.222755 


107 


I107G 


G 


<0 01 




100 




n 
r 


^D317718 


.. 107 


I107P 


F 


<0.0f 




109 


L109A 


A 


0323528 


107 


J107O 


o 


<o.o* 




109 


L109S 


S 


0.378623 


1fl7 


T1fY7P 


R 


<0.01 




_J0? 


L10?P 


P 


0.434661 


107 


I107H 


H 


<0.01 




109 


L109G 


G 


0.51022 


107 


I107W 


W 


O.01 




109 


LI 09V 


v 


0.539733 


107 


11 OTP 


P 


0.318743 




109 


L10?M 


M 


0.628881 


107 


J107Y 


Y 


0.524182 




109 


L109N 




0.65836? 


107 


I107A 


A 


0.795478 




109 


L109J 


„..t; 


o,7?132 


107 


I107N 


N 


0.929935 




JO? 


L109Y 


. Y 


0.825105 


J07 


I107V 


V 


0.96863 




110 


G110T 


T 


O.01 


108 


A108D 


. D 


0.0} 




110 


G110L 


L 


o,oi 


108 


A108F 


F 


<0.01 




-J10 


G110W 


W 


«M>1 


108 


A108H 


H 


O.01 




110 


G110Y 


Y 


o-oj 


108 


AJ08I 


_ I 


O.01 




110 


GllOP 


. P, ., 


0-224284 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PADPerf. 
Ind. 


110 


G110I 


T 




110 


CHIOS 

VJ J A V/O 


C 


0 ^ft71 ft 


110 


on on 


n 




110 


G110R 


r> 


O 47*Sfl77 


110 


m iow 

VJ 1 1 VlAA 


XJ 
AA 


v. / j*00 


110 


G110M 


K 


O 77flft51 


110 


G110M 

VJ A A V/1V1 


M 


0 R1/S477 


111 


Ml 1 1T* 


T> 


<0 01 


111 

AAA 


M111S 

I VA A I A L3 


o 


V.I J7U/0 


111 


M111H 

!▼ A A A A A A 


11 

AA 


0 1 097^^ 

Vr* A 7^ / J J 


111 


M111G 






111 


Ml 1 IP 


p 


0 566897 


111 


MIME 


E 


0 668985 


111 


M111L 


L 


0.67115 


111 


Mil IK 


K 


0.706165 


111 


M11JT 


T 


0.763332 


111 


MlUF 


F 


0.776934 


111 


Mil ID 


P 


0.78777 


-111— 


M111V- 




~ 0;?2522 


112 




Y 


<Pr0J 


112 


S112R 


R 


O.01 


112 


SJJ2P 


P 


O.01 


U? 


S112H 


H 


0.380254 


112 


S112V 


V 


0.479716 


112 


S112M 


M 


0.564157 


1>2 




w 


0.582J65 


112 


S112K 


K 


0.678369 


112 


S112T 


T 


0.721644 


112 


SltfN 


N 


0.850159 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 

« M 111 II % 


PAD Pert 
Ind. 


110 


CI IOC 


F, 


0.878895 


111 

IJU? 


CI 11 A 


A 


0.943049 


114 


1 40 


, 5 


J2.5.72415 




YU?G 


P 


0.579385 


113 






-.0,716865 


114 


\71 1 4TT 


... H 


_fiJ63416 


- JJ.?-,. 




w 


0.803685 


J A? 


-\ji i4T 


If , 


0.854963 


114 

113 


VI 1 4*f* 

JOIST 


- T 


_PJ6i744 


114 

J 13 


VI 1 4T"\ 


IN 


0.87H04 


• 111 

113 






0.936465 




vn3v> 




0.937598 


111 


VI 11P 




U.yjyozz 


111 


VI 11V 


V 

1 


U.yol976 


114 


L114H 


H 


O.01 


114 


L114E 


p 


<o,Pi 


m 


M14F 


• F 


<0,01 


114 


M14K 






114 


M'MR 


R , 


<o,oi 


114 


L1J4W 


W 


<0.01 


114 


L114Y 


Y 


0,01 


114 


M14Q 


0 


0,115737 


m 


MJ4P 


.P., 


0.275464 


114 


LlHS 




0.545726 


114 


M14V 


v 1 


0,595416 


114 


LH4N 


. ...N • 


0,77333 


115 


Y?15ff 


H 


O.01 


H5 


V115I?; 


K 


O.01 


115 


V1J5J 


1 


0,99483? 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


116 


T116Y 


Y 


0.466112 


116 


T116V 


V 


0.571817 


M . 


T116R 




0.619823 


116 


TJ16L 


h 


0.68120J 


116 


T116W 


w 


0.748358 


116 


TH6J 


1 . 


0.760474 


116 


T1160 


0 _ 


0.768867 


116 


TJ16P 


p 


0.836786 


U6 


T116G 


G 


0.901886 


116 


T116E . 


P .. 


0.906124 


116 


T116A 


A 


0.952003 


116 


T116S 


S 


0.963005 


117 


OH7W 


w 


0.707035 


117 


Q117V 


V 


0.76197! 


m 


OH7G 


G 


0.794858 


117 


OH7S 


s 


0.86512 


118 


V118K 


K 


<Q,01 


118 


V118W 


w 


o.oj 


118 , 


V118E 


E 


<0.01 


118 


V118R 


R 


0.069623 


! 118 


V118P 


P 


0.222399 


118 


V118D 


P 


0.40168 


118 


VI 181 


I 


0 r 545694 


118 


V118G 


G 


0.559239 


118 


V118S 


? 


0.815888 


118 


VU8A, 


A 


0.852723 


118 


V118T 


T 


0.9175? 


118 


V118M 


M 


0.933469 


118 


V118F 


F 


0 r 9?8467 



Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


119 


HJ9G 


G 


<0.01 


11? 


M1?S 


S 


<0.01 


11? 


M1?F 


F 


<o,oi 


11? 


H1?R 


R 


<o.oi 1 


11? 


Lll?P 


. P 


<o,oi 


11? 


M1?T 


T 


P.102?22 


11? 


L119N 


;. n .. 


P.11315V 


119 


L119V 


,_y...... 


0.J50373 


119 


L119W 


w 


0.203313 


11? 


L119C 


c 


0.244106 


119 


L119D 


D 


0.280381 


11? 


L119E 


E 


0.322167 


119 


LI 191 


1 


0.427476 


11? 


LH?tf 


n 


0.462?12 


119 


L119Y 


Y 


0.556343 


120 


T120? 


p 


<0.01 


120 


T120H 


n 


0,4?8304 


120 


T120R 


R 


0.599376 


120 


T120A 


A 


0.663543 


120 


T120O 


Q 


0.781096 


120 


T120C 


\ c 


0.924433 


121 


S121P 


p 


0.384623 


121 


?121R 


R 


0.701237 


121 


S121W 


w 


0.772781 


121 


S121K 


■K. 


0.77795 


121 


S121G 


G 


0.992545 


122 


A122G 


G 


<0.01 


122 


A122D 


D 


0.059137 


122 


Amp 


F 


0,14836? 
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Table 10-5. PAD Assay Results 


Position 


TT AIM. ua/ 

Mutation 


Variant 


PAD Pert 
Ind. 


122 


A122H 


H 


0.169443 


122 


A122R 


R 


0.396041 


122 


A122S 


S 


0.431258 


122 


A122K 


K 


0.450105 


122 


A127.R 


E 


0.467766 


122 


A122T 


T 


0.520454 


122 


A122P 


P 


0.548155 


122 


A122J 


I 


0.647406 


122 


A122N 


N 


0.704284 


122 


A1220 


9 


0.741587 , 


122 


A122W 


W 


0.862265 


122 


AJ22Y 


V 


0.886387 


122 


A122M 


M 


0.938855 


124 


G124I 


I 


<o.oi 


124 




H 


<0.01 


124 


G124M 


M 


<0.01 


124 


G124W 


w 


<0.01 


124 


GJ24P 


P 


<0.01 


124 


G124A 


A 


0.031196. 


124 


G1240 


0 


0.208313 


124 


G124T 


T 


0.315233 


124 


G124V 


V 


0,?2?769 


124 


G124R 


R 


0.409769 


124 


G124L 


L 


0.536625 


124 


G124S 


S 


0.555215 


124 


G124Y 


Y 


0.559199 


124 


G124N 


N 


0.599171 


124 


G124D 


D 


0.63784 


124 


GJ24C 


c__ 


0.67217? 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Pert 
Ind. 


124 


G124F 


F 


0,950801 


125 


V125W 


...2V 


0.24527 


125 


V125E 


E 


0.385171 


.125 


V125R 


R 


0.466062. 


125 


V125C 


c 


0.541228 


125 


V125D 




0.541318 


125 


V125P 


P , 


0.622352 


125 


V125F. 


F 


o„627?67 


125 


V125S 


s 


0.790998 


125 


V125Y 


Y 


0,8*359? 


J25 


V125A 


A 


0.925641 


125 


VJ25I , 


I , 


0,941326 


126 


GJ26I,., 


i 


O.01042634 
7441542 


126 


G126V 


XT 

V 


0.175UU1 


126 


G126Y 


Y 


0.234673 


126 


G126L 


L 


0.540613 


126 


G126A 


A 


0,552538 


126 


G126E 


B 


0.599533 


126 


G126P 


P 


0,67380? 


126 


G126T. 


T . 


0,7376*66 


126 


G126R_ 


R_ 


0.761417 


126 


G126N 




0.846727 


126 


G126S. 


s 


0.902662 


126 


G126C 


c 


0.980807 


127 


T127L 


h 


<0.01 


127 


T127E 


P 


<0.01 


127 


T1270 


o 


0.151533 


127 


Tim 


I 


0203586 



271 



WO 2005/056782 PCT/US2004/04O438 



GC821-2 



Table 10-5. PAD Assay Results 




Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Vanant 


PAD Pert 
bid. 




Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf 
-■ Ind. 


127 


T127IJ 


n 


0.60105 




149 


W14?ft 


— R 


o.pi 


127 


TJ27P 


P 


0,61747 




H? 


W14?E 


P 


<0.01 


127 


T127M 


M 


0.639504 




149 


WJ49P 


P. 


<0.01 


127 


T127C 


c 


0.6533*4 




149 


W14?C 


C 


0.1164 


127 


TJ27V: 


V 


0.683337 




MP 


WJ4?J 


t 


0.235936 


127 


T127G 


G 


0.710564 




149 


WH?A 


A 


0311848 


127 


T127P 


p 


0.773291 




H9 


W149S 


s 


0329233 


.127 


T127S 


s 


0.828003 




14? 


W1490 


_ .0 


0.402387 


128 


T128D 


D 


0.662836 




14? 


W149T 


T 


0.440303 


129 


Y129W 


w 


0,01 




149 


W149G 


,.. G 


0.44856 


129 


Y129G 


G 


<0.01 




149 


W149M 


M 


0.494615 


129 


Y129K 


K 


<o.or 




149 


WT49F 


F 


0.49577? 


129 


Y129V 


V 


<0.01 




149 


WW 




0.637667 


12? 


Y129T 


T 


0.13876? 




w 


WJ49Y 


Y 


0.747652 


J29 


Y129A 


A 


0.173554 




150 


F150P 


P 


o,?1768 


129 


Y129R 


R 


0,178362 




150 


F150N 


N 


0362798 


12? 


Y129M 


M 


0.211662 




150 


F150G 


G 


0.458431 


129 


YJ29P 


P 


0.228506 




J50- 


FJ50V 




P51J676 


129 


Y12?f, 


L 


0.270643 




15Q 


F150A 


A 


0339571 


129 


Y129N 


N 


0.530034 




150 


F150T 


T 


0380879 


129 


Y129P 


P 


0.588917 




150 


F150W 


W 


0.622886 


129 


YJ29C 


C 


0.610384 




150 


F150M 


M 


0.625886 


129 


YJ2?S 


s 


0.692051 




150 


F150E 


P 


0-727755 


129 


Y129F 


F 


0.713199 




150 


F150C 


q 


0.778063 


146 f 


P146W 


W 


0.680806 




150 


F150I 


1 


0.78431 


146 


P146T 


T 


0.756105 




150 


F15QR; 




0.848249 


146 


PH6V 


V 


0.768041 




153 


I153N 


N 


0.890296 


146 


P146S 


S 


0.956673 




154 


F154T 


. T 


O.01 


148 


P148Q 


O 


P-975963 




.154 


F154P 


P 


<o r oi 
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Table 10-5. PAD Assay Results 


Position 


TV A/XUar 

Mutation 


Variant 


PAD Pcrf. 
Ind. 


154 


F154E 


E 


<M>1 


154 


F154G 


G 




154 


F154L 


L 




154 


F154P 


P 




154 


F154V 


V 


<0.01 


154 


F154S 


s 




154 


F1540 


o 


0.973299 


194 


I194S 


s 


<0.0j 


194 


I194A 


A 


<0fi\ 


194 


I194C 


c 


«M 


194 


I194P 


p 


<0,01 


194 


IWf 


F 


O.01 


m 


I194W 


W 


O.01 


194 


H94R 


R 


<0.01 


194 


ll?4Y 


Y 


«M>1 


194 


I194G 


G 


0.044503 


194 


I194L 


L 


O f 5778U 


194 


I194V 


V 


0.780569 


196 


F196H 


H 


O.01 


196 


F196G 


G 


<O,01 


??6 


F196S 


s 


<0.0J 


196 


F1960 


o 


O.01 


196 


F196A 


A 


O.01 


196 


F196K 


K 


om 


l?6 


nm 


.N 




196 


F196R 


R 


<0,oj 


??6 


F196W 


w 


0.38J22 


196 


F196P 


p 


0.385754 


J?6 


F1?6Y 


V 


0 f 675769 
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Table 10-5. PAD Assay Results 


Position 


WT/Pos/ 
Mutation 


Variant 


PAD Perf. 
Ind. 


196 


F196M 


M 


0.709899 


m 


F196Y 


3L 


0,970105 
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The following Table provides variants that are better than wild-type at degrading 
peracids (ie., the performance index for the variant is better than the wild-type). 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar.PAD PI 



1M001I 


1.19 


1M001L 


2.11 


2A002D 


1.05 


2A002R 


1.17 


2A002W 


1.17 


2A0O2P 


1.17 


2A002Q 


1.29 


2A002E 


138 


3K003T 


1.03 


3K003S 


1.17 


3K003Q 


1.19 


3K003R 


1.29 


3K003Y 


139 


3K003M 


1.44 


3K003P 


1.45 


3K003C 


1.52 


3K003L 


1.84 


3K003H 


1.89 


3K003A 


2.14 


3K003I 


2.44 


3K003E 


331 


3K003G 


3.74 


4R004D 


1.18 


4R004C 


134 


4R004P 


1.44 


4R004A 


1.64 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 



5I005M 


1.09 


5I005E 


139 


5I005L 


1.63 


5I005A 


1.88 


5I005C 


2.47 


5I005D 


3.11 


6L006C 


122 


6L006M 


1.44 


6L006A 


1.99 


7C007A 


1.03 


7C007H 


137 


7C007I 


1.48 


7C007E 


1.63 


7C007K 


2.95 


8F008M 


1.11 


8F008L 


131 


8F0O8A 


133 


8F008C 


4.01 


10D010L 


2.04 


13T013I 


1.05 


13T013E 


1.09 


13T013L 


1.47 


13T013M 


1.47 


13T013C 


135 


13T013A 


1.88 


13T013N 


2.61 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. Wr/PosJVar.PADPI 



13 iul 


2 73 


10 WUION. 




loWUlol 


1 06 

i.w 


1 /TT1/A1 /TV 


1 00 


loWOloL 


1 16 


17V017b 


1 04 
1 Art 


lorUloIN 


1 AT 


i opfti o/"\ 
loPUloV? 




1 QVfftl CP 

lorvlolv. 


3 97 


1 o urn or 1 


4 16 
t.iu 


1 Q DA1 QV 


A 17 


1 ODAI OA/ 




lorUloU 


4 87 


i CPfll sin 


4 96 


1 ft Pfll £T4 


6.05 


1 0 xV 1 Oi-f 


7.40 


ZU EAMXJU 


1.14 


20E020S 


1.18 


20E020H 


1.20 


20E020T 


1.25 


20E020V 


1.27 


20E020A 


1.28 


20E020W 


1.30 


20E020N 


1.34 


20E020P 


1.43 


20E020Q 


1.56 


20E020C 


1.76 


21D021S 


1.11 


21D021E 


1.39 


21D021F 


1.41 


21D021W 


1.44 


21D021L 


1.57 


21D021A 


1.75 


21D021G 


1.76 
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Table 10-6. Variants with 
Peracid DegradationGreater 
Than Wad-Type 
Pos. WT/PosJVar. PAD PI 



21D021K 


1.80 


21D021Y 


2.01 


22G022I 


1.03 


22G022T 


1 16 




1 19 


22G022L 


135 




136 




1.44 


77G022A 


1.66 




1.04 




130 


24P024C 


1.04 


24P024K 


136 


24P024L 


131 


26E026M 


1.10 


26E026H 


1.19 


26E026D 


139 


26E026A 


1.45 


26E026K 


1.47 


26E026L 


1.71 


27R027I 


1.41 


27R027K 


135 


27R027L 


2.60 


27R027A 


2.78 


28F028E 


1.04 


28F028W 


1.17 


28F028C 


121 


28F028Y 


1.36 


28F028M 


137 


28F028A 


1.48 


28F028L 


2.02 


28F028D 


2.07 


29A029C 


1.15 


30P030H 


1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wfld-Type 
Pos, WT/PosTVar. PAD PI 



30P030G 


1.09 


A An 

30P030R 


1.14 


1 A HAM AT 

30P030L 


1.17 


30P030E 


124 


30P030Y 


131 


30P030I 


138 


30P030K 


139 


30P030S 


1.49 


30P030T 


1.64 


30P030V 


1.74 


31D031V 


1.08 


31D031T 


1.11 


31D031Q 


1.13 


31D031W 


1.14 


31D031G 


1.16 


*> 4 T"^ A** -4 A 

31D031A 


1.18 


31D031S 


123 


31D031F 


139 


31D031R 


1.49 


31D031N 


1.55 


31D031L 


1.61 


32V032S 


1.09 


32V032N 


1.61 


32V032W 


1.71 


32V032Q 


1.74 


32V032G 


2.65 


32V032M 


3.41 


32V032I 


3.51 


32V032A 


3.64 


32V032E 


3.92 


32V032D 


4.19 


32V032L 


4.72 


32V032K 


4.73 


33R033S 


1.01 
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Table 10-6. Variants with 



Peracid Degradation Greater 



Than Wild-Type - 




Pos. WT/PosjVar.PADPI 


33R033N 


130 


33R033A 


132 


33R033C 


1.73 


33R033O 


2.63 


33R033K 


2.72 


33R033L 


230 


34W034P 


121 


34W034M 


122 


34W034C 


1.49 


34W034A 


229 


35T035M 


272 


35T035A 


3.85 


35T035C 


4.72 


35T035I 


538 


35T035E 


5.73 


36G036C 


1.06 


36G036A 


1.07 


36G036H 


1.10 


36G036K 


1.71 


36G036I 


1.81 


36G036L 


2.49 


36G036D 


230 


37V037I 


1.04 


37V037L 


1.16 


37V037S 


1.49 


37V037N 


1.52 


37V037C 


1.63 


37V037A 


2.00 


37V037P 


2.10 


38L038V 


1.12 


39A039W 


1.02 


39A039Y 


1.13 


40Q040N 


1.00 


40Q040I 


1.10 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar.PADPI 



40Q040E 


128 


40Q040R 


1.48 


40Q040L 


1.49 


40Q040D 


1.59 


40Q040S 


1.65 


40Q040T 


1.81 


40Q040Y 


2.02 


40Q040G 


2.17 


40Q040W 


2.59 


40Q040K 


3.64 


41Q041G 


1.09 


41Q041H 


1.14 


41Q041R 


127 


41Q041K 


1.61 


41Q041L 


1.92 


41Q041A 


2.58 


42L042F 


1.02 


42L042P 


1.34 


42L042K 


1.41 


42L042C 


1.43 


43G043A 


1.07 


43G043L 


1.82 


43G043E 


1.88 


44A044C 


1.92 


45D045F 


1.04 


46F046C 


1.16 


46F046A 


125 


46F046E 


131 


46F046D 


1.39 


46F046M 


1.42 


46F046K 


1.46 


46F046P 


1.50 


46F046L 


1.54 


47E047L 


1.02 
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Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type - 




Pos. WT/PosJVar.PAD PI 


47E047K 


1.06 


47E047G 


1.10 


47E047I 


1.15 


48V048Q 


139 


48V048F 


1.42 


48V048A 


1.63 


48V048M 


1.79 


48V048C 


225 


48V048L 


229 


48V048P 


3.08 


49I049Y 


1.02 


49I049M 


1.02 


49I049L 


1.03 


49I049G 


1.12 


49I049K 


126 


49I049A 


1.87 


50E050P 


1.02 


50E050M 


1.04 


50E050G 


1.11 


50E050D 


122 


50E050A 


123 


51E051T 


1.17 


51E051M 


120 


51E051D 


128 


51E051G 


1.34 


51E051K 


2.00 


51E051A 


2.72 


52G052W 


2.47 


53L053H 


1.70 


54S054N 


129 


54S054P 


UO 


54S054A 


1.41 


55A055N 


1.05 


55A055K 


1.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar. PAD PI 



55A055C 


126 


57T057S 


1.01 


57T057G 


1.05 


58T058L 


1.12 


58T058H 


1.49 


S9N0S9Q 


1.86 


59N059T 


5.63 


59N059S 


732 


59N059K 


821 


59N059E 


9.88 


59N059V 


9.97 


59N059G 


10.00 


59N059F 


1023 


59N059A 


10.44 


59N059Y 


11.14 


59N059C 


1123 


59N059D 


11.72 


59N059W 


12.80 


59N059L 


14.74 


60I060G 


1.04 


60I060V 


1.06 


60I060H 


1.07 


60I060Y 


1.19 


61D061P 


1.13 


61D061Q 


1.16 


61D061L 


120 


61D061G 


125 


61D061S 


135 


61D061R 


1.59 


61D061I 


• 1.66 


61D061H 


1.67 


61D061K 


1.72 


63P063K 


1.02 


63P063V 


1.04 
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Table 10-6. Variants with 




Peracid Degradation Greater 


Than Wild-Type 




Pos. WT/PosjVar.PAD PI 


63P063Q 


1.05 


63P063W 


1.11 


63P063G 


122 


63P063L 


123 


63P063T 


132 


64T064G 


1.08 


64T064M 


1.09 


64T064A 


120 


64T064L 


122 


66P066S 


1.02 


66 P066T 


1.10 


69N069D 


1.11 


69N069A 


1.13 


69N069Q 


1.14 


69N069C 


120 


69N069L 


120 


69N069S 


1.42 


69N069T 


1.43 


69N069H 


1.52 


69N069K. 


139 


69N069V 


1.73 


69N069I 


1.75 


70GO70L 


1.01 


70G070A 


1.41 


70GO70H 


1.90 


71A071K 


1.01 


71A071M 


1.11 


72S072F 


1.15 


72S072G 


1.76 


72S072M 


2.13 


72S072C 


2.18 


72S072H 


2.48 


72S072N 


2.85 


72S072A 


3.52 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pes. WT/Pos/Var. PAD PI 



73Y073M 


1.13 


73Y073C 


1.20 


73Y073A 


1.40 


74L074F 


1.13 


74L074M 


1,21 


74L074A 


2.90 


75P075E 


1.19 


75P075L 


1.19 


75P075W 


131 


75P075Y 


132 


75P075V 


139 


75P075C 


1.42 


75P075D 


2.09 


76S076C 


1.06 


76S076T 


1.11 


76S076A 


1.11 


76S076H 


1.11 


76S076P 


1.20 


76S076V 


135 


76S076K 


1.53 


76S076M 


1.61 


76S076D 


1.94 


76S076E 


2.09 


76S076G 


2.15 


76S076L 


4.70 


77C077T 


1.03 


77C077D 


1.05 


78L078T 


1.10 


78L078I 


1.11 


78L078G 


138 


78L078H 


1.57 


80T080V 


1.01 


80T080Q 


1.07 


80T080A 


1.11 
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Table 10-6. Variants with 




Peracid Degradation Greater 


Than Wild-Type ~ 




Pos. WT/PosWar.PAD PI 


80T080C 


1.15 


80TO80S 


1.40 


80T080G 


130 


81H081N 


1.00 


81H081L 


1.03 


81H081W 


1.09 


81H081C 


1.09 


81H081A 


1.45 


81H081M 


134 


82L082M 


1.06 


83P083C 


1.01 


83P083R 


1.09 


83P083N 


1.10 


83P083K 


1.16 


83P083E 


1.26 


83P083M 


1.88 


83P083A 


2.36 


84L084F 


1.01 


84L084G 


1.01 


85D085R 


1.03 


85D085A 


1.09 


85D085H 


124 


85D085E 


125 


85D085C 


1.50 


85D085G 


1.60 


85D085F 


1.98 


86L086C 


2.44 


86L086A 


332 


87V087P 


1.64 


87V087C 


222 


87V087L 


4.30 


88I088M 


1.09 


88I088P 


3.51 


89I089L 


122 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Pos/Var.PADPI 



89I089A 


1.83 


89I089P 


1.91 


90M090C 


1.09 


90M090E 


1.15 


90M090A 


1.41 


90M090D 


2.88 


91L091I 


1.05 


91L091C 


1.27 


91L091A 


1.45 


91L091D 


1.47 


92G092C 


2.05 


93T093A 


1.05 


96T096F 


124 


96T096G 


12S 


96T096L 


1.93 


96T096M 


253 


96T096C 


3.76 


96 T096A 


420 


98A098Y 


1.15 


98A098P 


126 


98A098N 


1.40 


98A098C 


1.42 


98A098L 


1.47 


98A098D 


2.19 


100F100C 


1.28 


1O0F1O0T 


1.42 


100F100N 


1.45 


100F100A 


2.02 


100F100M 


2.19 


101R101L 


1.12 


102R102Q 


1.19 


102R102Y 


129 


102R102L 


1.64 


102R102A 


1.79 
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Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type - 




Pos. WT/PosWar. PAD PI 


104P104V 


1.02 


104P104H 


1.03 


104P104N 


1.44 


104P104C 


1.83 


104P104E 


1.97 


104P104I 


2.05 


104P104M 


224 


105L105Q 


1.04 


105L105H 


123 


105L105R 


125 


105L105G 


1.40 


105L105W 


1.71 


105L105F 


1.73 


105L105C . 


1.92 


106D106S 


1.02 


106D106W 


1.07 


106D106E 


1.09 


106D106C 


1.10 


106D106A 


1.13 


106D106H 


1.18 


106D106K 


1.24 


106D106T 


1.38 


106D106F 


1.45 


106D106G 


1.45 


106D106V 


1.68 


107I107L 


1.04 


107I107S 


133 


107I107C 


1.41 


107I107T 


1.53 


108A108S 


1.00 


108A108G 


1.13 


108A108L 


2.56 


108A108K 


2.97 


110G110A 


1.01 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar.PAD PI 



110G110D 


1.40 


U0G11OC 


1.43 


110G110E 


1.76 


110G110F 


229 


UIMUIC 


1.01 


111 Mil 1A 


1.02 


111M111I 


1.03 


111M111Y 


1.06 


111M111W 


123 


111M111N 


1.31 


112S112L * 


1.00 


112S112E 


1.16 


113V113M 


1.06 


113V113Q 


1.11 


113V113R 


1.11 


113V113P 


1.14 


113V113N 


122 


113V113A 


1.31 


114L114T 


1.05 


114L114A 


1.07 


114L114G 


1.14 


114L114C 


1.14 


114L114I 


1.17 


114L114M 


1.28 


115V115C 


1.08 


115V115S 


1.14 


115V115Q 


1.15 


115V115A 


1.19 


115V115T 


128 


115V115L 


1.30 


115V115M 


132 


115V115R 


1.63 


115V115F 


1.69 


115V115G 


1.76 



PCT/US2004/040438 



Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type — 




Pos. WT/PosJVar.PADPI 


115V115Y 


2.07 


115V115D 


221 


115VU5P 


221 


115V115W 


2.48 


116T116N 


1.05 


116T116C 


1.05 


116TU6H 


1.08 


116T116M 


139 


117Q117F 


1.02 


117Q117R 


1.05 


117Q117T 


1.10 


117Q117H 


1.12 


117Q117Y 


1.13 


117Q117P 


1.13 


117Q117E 


121 


117Q117A 


1.73 


117Q117M 


1.89 


118V118L 


1.05 


118V118C 


1.14 


118V118Y 


134 


118V118Q 


1.50 


119L119A 


1.02 


120T120V 


1.07 


120T120S 


1.07 


120T120K 


1.09 


120T120M 


122 


120T120L 


126 


120T120N 


1.42 


120T120E 


1.53 


120T120I 


1.56 


120T120Y 


1.61 


121S121E 


1.04 


121S121N 


1.06 


121S121Q 


1.09 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosJVar.PAD PI 



121S121T 


126 


121S121L 


1.49 


121S121A 


1.55 


121S121V 


1.59 


121S121C 


1.64 


122A122L 


1.02 


123G123K 


1.12 


123G123A 


1.19 


123G123Y 


1.24 


123G123M 


1.38 


123G123L 


138 


123G123W 


139 


125V125G 


1.09 


126G126M 


1.17 


126G126D 


1.22 


127T127A 


1.10 


128T128M 


1.06 


128T128H 


1.08 


128T128V 


1.15 


128T128P 


1.16 


128T128W 


1.23 


128T128S 


1.27 


128T128A 


1.31 


128T128Q 


1.34 


128T128N 


1.36 


128T128K 


1.57 


128T128R 


1.70 


128T128F 


1.71 


128T128L 


1.72 


128T128Y 


1.81 


131A131R 


1.04 


132P132N 


1.05 


132P132L 


2.24 


132P132E 


3.02 



r 



PCT/DS2004/04O438 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wad-Type - 
Pos. WT/PosJVanPAD PI 



132P132Y 


4.78 


132P132G 


4.98 


132P132S 


5.05 


132P132C 


5.68 


132P132A 


6.08 


132P132Q 


6.15 


133K133Y . 


1.44 


133K133L 


1.92 


134V134C 


137 


134V134G 


1.42 


134V134S 


1.44 


134V134L 


1.45 


134V134A 


1.64 


134V134P 


1.71 


134V134M 


1.89 


134V134N 


2.80 


135L135D 


2.90 


136V136T 


1.13 


136V136L 


1.13 


136V136C 


123 


136V136A 


1.60 


137V137M 


1.13 


137V137L 


127 


137V137C 


1.42 


137V137A 


1.46 


138S138G 


1.11 


138S138C 


1.18 


138S138A 


1.28 


138S138N 


131 


138S138P 


139 


140P140C 


1.07 


140P140A 


1.83 


140P140H 


225 


140P140F 


2.89 



WO 2005/056782 PCT/US2004/040438 



GC821-2 

Table 10-6. Variants with 
Peracid Degradation Greater 



Than Wild-Type 




Pos. WT/PosJVar.PAD PI 


140P140G 


3.11 


141P141A 


1.08 


143A143C 


1.07 


143A143E 


1.13 


141 A143D 


122 


143A143L 


128 


143A143H 


136 


143A143K 


U7 


144P144M 


1.01 


144P144F 


1.08 


144P144Q 


1.08 


144P144K 


1.09 


144P144R 


1.14 


144P144L 


1.15 


144P144D 


138 


144P144N 


1.49 


144P144H 


1.60 


144P144Y 


1.65 


146P146N 


1.00 


146P146G 


1.04 


146P146R 


1.06 


146P146M 


123 


146P146A 


136 


146P146Y 


1.44 


146P146F 


1.53 



146P146H 1-57 

146P146C 1.69 

146P146L 2.00 

147H147Q 103 

147H147W 105 

147H147K 106 

147H147E 1-10 

147H147Y 1.12 

147H147C 1-17 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type - 
Pos. WTOWVar. PAD PI 



147H147D 1.18 

147H147P 121 

147H147N 125 

147H147L 129 

147H147M 1.44 

148P148V 1.04 

148P148A 106 

148P148T 1-09 

148P148E 119 

148PM8G 120 

148P148S 121 

148P148R 125 

148P148K 130 

148P148D 1.34 

148P148Y 137 

148P148L 1-39 

148P148F 1-50 

149W149H 1.01 

150F150Y 1.07 

150F150H 1.18 

150F150L 130 

151Q151P 191 

151Q151E 2.07 

151Q151K 2.19 

151Q151H 2.19 

151Q151S 225 

151Q151R 232 

151Q151T 2.37 

151Q151C 2.55 

151Q151Y 2.75 

151Q151D 2.81 

151Q151A 2.93 

151Q151M 636 

152L152M 1-1° 
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Table 10-6. Variants with 

Peradd Degradation Greater 

Than Wad-Type 

Pos. WT/Pos/Var. PAD PI 

152L152C 1.14 

152L152E 133 

152L152A 1-29 

152L152Y 137 

152L152W 135 

153I153V 1-15 

153I153A 1-49 

153I153L 130 

153I153T 1j62 

153I153S 1.66 
153I153F . 1-75 

153I153P 1-87 

153I153H 2M 

153I153K 2.44 

154F154Y 4S6 

155E155S 1-12 

155E155G U2 

155E155T 1-19 

155E155D 134 

155E155K 133 

155E155N 1-79 

155E155L 2.07 

155E155A 2^9 

155E155P 2.60 

155E155Y £65 
155E155M 231 
156G156S 1-04 
156G156K Ml 
156G156E 1-14 
156G156R 1-21 
156G156A 131 
156G156P 139 
156G156C 137 
156G156N 138 



Table 10-6. Variants with 
Peradd Degradation Greater 
Than Wfld-Type - 
Pos. WT/Pos/Var.PAD PI 

156G156H 1.40 

156G156Y 1.40 

156G156T 133 

156G156M 1.62 

156G156D 1.62 

157G157I 133 

157G157F 1.42 

157G157K 1.47 

157G157H 137 

158E158H 1.01 

158E158P 1.19 

158E158Q 134 

158E158S 137 

158E158A 138 

158E158R 139 

158E158W 131 

158B158C 137 

158E158N 138 

158E158M 1.73 

158E158F 1.77 

158E158K 1.88 

158E158L 1-96 

158E158Y 2.48 
159Q159H 148 
160K160N 1.12 
160K160A 1.14 
160K160R 1-15 
160K160D 1.19 
160K160C 139 
160K160Q 1.41 
160K160M 1.47 
160K160P 166 
161T161L 116 
161T161V 134 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosWar. PAD PI 



161T1610 

AV/A X A V A X£ 


1.50 


161T161M 

Ivi X IUIaVX 


1 72 

A ■ I ** 




2 62 


HWT162R 

1UX A X VFXJV 


1 73 




1 R2 


1*WT1/59n 

lOZ 1 lOZO 


2 01 


1 £9 T1 fi?W 


2 04 


162T162I 


2.21 




2 45 


lux X 1UZ I 


2 89 




3.13 




323 


162T162M 

X U«r X Xlr4#AYX 


3.49 


162T162C 


3.57 


162T162L 

X V** X X \Jtrt 1 


3.59 


162T162N 


3.84 


162T162H 

IVAr X A Villi 


3.91 


162T162P 


437 


163E163N 


1.00 


163E163C 


1.08 


163E163D 


1.08 


163E163A 


1.79 


163E163Y 


1.89 


163E163L 


1.94 


164L164Q 


1.01 


164L164V 


1.02 


164L164S 


1.11 


164L164M 


1.26 


164L164N 


131 


164L164R 


1.61 


164L164P 


2.41 


165A165G 


1.07 


165A165V 


1.13 


165A165N 


120 



1 



PCT/US2004D40438 



Table 10-6. Variants with 
Peracid DegradationGreater 
Than Wild-Type 
Pos, WT/PosJVar. PAD PI 



165A165R 


129 


165 A 1650 


132 

A« fit 


165A165T 


132 


165A165P 


1.34 

A««J*f 


165A165C 


1 42 


165A165L 


1.55 


165A165M 

X W i*. X W AYX 


136 


165A165D 


x«v^ 


166R166W 


1.08 


166R166F 

X W XV X wx 


1 10 


166R166K 

X W XX X Wllk 


120 


166R166N 

X W XX X WA ~ 


121 


166R166Y 

X WAX AW A 


122 


166R166M 

A x/X*J A. X. A VVivA 


129 


1 66 R 1661 


139 


166R166P 


130 


166R166L 


130 


166R166A 


131 


166R166D 


135 


166R166H 


136 


167V167I 


1.00 


167V167S 


1.86 


167V167H 


211 


167V167Y 


215 


167V167R 


225 


167V167Q 


241 


167V167T 


247 


167V167L 


236 


167V167G 


283 


167V167M 


334 


167V167A 


4.99 


167V167C 


537 


167V167D 


534 


167V167P 


6.08 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wfld-Type 
Pos. WT/PosJVar.PAD PI 

168Y168E 5.17 

168Y168L 539 

169S169Y 110 

169S169A V 13 

169S169R 119 

169S169K 127 

169S169Q 137 

169S169C 138 

169S169M 1.40 

169S169L 147 

169S169I 133 

170A170C 106 

170A170E 117 

170A170F 1-17 

170A170N 1.17 

170A170M 128 

170A170D 132 

170A170P 133 

171L171H 107 

171L171G 133 

171L171Y 135 

171L171T 136 

171L171V 139 

171L171I 1-42 

171L171K 133 

171L171A 166 

171L171C 1.73 

171L171S 1.76 

171L171Q 1-93 

171L171F 197 

171L171M 222 

171L171N 2.79 

172A172M 1.06 

172A172L 1^2 



Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wad-Type 
Pos. WT/Pos/Var. PAD H 

172A172D 1.42 

172A172Y 1.76 

173S173T 129 

173S173H 1.49 

173S173I 222 

173S173F 230 

173S173R 2.47 

173S173V 234 

173S173E 2.65 

173S173P 2.66 

173S173A 2.72 

173S173M 3.01 

173S173K. 3.01 

173S173C 3.07 

173S173Y 334 

173S173W 3.67 

173S173L 3.86 

174F174H 1.05 

174F174K 1-17 

174F174P 1.46 

174F174Y 1-66 

174F174L 133 

174F174A 2.09 

174F174M 220 

175M175N 1-02 

175M175E 1-43 

176K176C 1.01 
176K176R 1.03 
176K176E 108 
176K176W 1.16 
176K176D 118 
176K176A L19 
176K176F 1-28 
176K176V 133 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/Po&/Var.PAD PI 



176K176M 


1.33 


178P178K 


1.70 


178P178T 
i /or a /ox 


228 


17RP17RV 
l /or l / o v 


2.70 


l /on / ovj 


2.95 


178P178S 
1 rOi l f oo 


3.06 


178P1780 
1 /or x / o\^ 


3.64 


178P17RM 
i/ori/ ojya 


3.87 


1 /on /oc 


415 


178P17RA 

1 / O JT 1 / O.TV 


439 


17RP178D 
i /on / oa-# 


6.44 


178P178Y 

1 /Ol X / O X 


6.91 


178P178L 


7.15 


179F179G 

A / / X X f ✓ 


1.16 


179F179V 


1.17 


179F179Y 


1.47 


179F179E 


1.80 


179F179L 


1.89 


180F180W 


1.81 


180F180C 


1.94 


180F180I 


2.11 


180F180L 


2.13 


180F180A 


2.70 


180F180Y 


2.99 


180F180N 


3.05 


180F180V 


3.24 


180F180M 


436 


181D181A 


123 


183G183P 


1.02 


183G183R 


1.09 


183G183Y 


1.45 


183G183L 


1.50 


183G183C 


1.99 


184S184Y 


1.09 



PCT/US2004/040438 



Table 10-6. Variants with 
Peracid DegradationGreater 
Than Wild-Type 
Pos. WT/PosWar.PAD PI 



184S184Q 


1.16 


184S184I 


121 


184S184V 


125 


184S184F 


127 


184S184K 


1j61 


184S184A 


1j69 


184S184M 


1.77 


184S184E 


136 


184S184N 


133 


184S184L 


2.00 


184S184D 


224 


184S184C 


239 


185V185F 


120 


185V185Q 


1.41 


185V185M 


1.46 


186U86L 


1.14 


186I186M 


138 


186I186A 


1.79 


18611 86D 


429 


187S187K 


1.16 


187S187D 


1.40 


187S187G 


1.46 


187S187L 


1.46 


187S187H 


131 


187S187I 


138 


187S187N 


139 


187S187C 


1.67 


187S187A 


1.72 


187S187M 


157 


188T188N 


1.69 


188T188E 


1.97 


189D189A 


1.18 


189D189T 


121 


189D189I 


127 
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Table 10-6. Variants with 
Peradd Degradation Greater 
Than Wild-Type 
Pos. WT/PosTVar. PAD PI 



189D189L 


lJO 


190G190C 


1.17 


190G190Y 


139 


190G190P 


1.86 


190G190D 


2.02 


190G190H 


2.92 


190G190A 


3.42 


190G190M 


554 


191V191T 


1.03 


191V191R 


1.91 


191V191K 


2.17 


191V191F 


2.75 


191V191C 


2.81 


191V191Y 


4.34- 


191V191L 


4.69 


191V191A 


5.06 


191V191E 


5.46 


191V191Q 


5.83 


191V191D 


6.03 


191V191M 


7.34 


193G193S 


1.60 


193G193E 


3.15 


193G193Q 


4.29 


193G193V 


521 


195H195P 


1.16 


195H195M 


128 


195H195K 


133 


195H195Y 


1.49 


195H195E 


1.70 


195H195D 


1.93 


196F196I 


1.12 


196F196L 


1.17 


196F196C 


1.18 


197T197H 


124 



Table 10-6. Variants with 
Peradd Degradation Greater 



Than Wild-Type - 




Pos. WT/PosiVar. PAD PI 


197T197A 


1.42 


197T197M 


238 


198E198T 


1.16 


198E198S 


1.18 


198E198F 


121 


198E198V 


1.44 


198E198Q 


1.46 


198E198A 


1.46 


198E198I 


1.48 


198E198L 


1.54 


198E198N 


1.67 


198E198P 


1.72 


198E198Y 


1.77 


198E198W 


1.78 


198E198C 


1.83 


198E198M 


1.86 


198E198R v 


1.88 


199A199F . 


1.15 


199A199H 


1.15 


199A199R 


1.17 


199A199T 


122 


199A199E 


131 


199A199D 


133 


199A199V 


1.45 


199A199K 


133 


199A199Y 


139 


199A199L 


1.65 


199A199C 


2.45 


201N201D 


1.64 


202R202M 


1.76 


202R202G 


1.82 


202R202S 


1.84 


202R202C 


1.93 


202R202A 


1.97 
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Table 10-6. Variants with 
Peracid Degradation Greater 
Than Wild-Type 
Pos. WT/PosyVar.PAD PI 





1 90 






202R202L 


2,05 


202R202T 


2.06 


202R2O2H 


2.09 


202R202F 


2.16 


202R202W 


232 


203D203Q 


1.03 


203D203S 


1.13 


203 D203I 


1.19 


203D2O3N 


1.28 


203D203G 


133 


203 D203F 


134 


203D203H 


134 


203D203P 


1.71 


203D203R 


1.77 


203 D203A 


1.96 


203 D203L 


2.08 


203 D203C 


2.09 



The following Table provides variants that exhibited peracid degradation feat was 
less than wild-type. 

Table 10-7. Variants with Table 10-7. Variants with 



Peracid Degradation Results 

Less than Wild-Type 

Pos WT/Pos/Var.PAD PI 



Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 



1M001V 0.94 

2A002Y 0.46 

2A002N 039 

2A002V 0.60 

2A002I 0.61 

2A002T 0.61 



2A002S 0.66 

2A002G 0.84 

2A002F 0.93 

3K003V 0.84 

4R004L 0.01 

4R004V 0.08 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar. PAD PI 



4R004I 


0.15 


4R004W 


0.48 


4R004G 


0.79 


4R004S 


0.91 


4R004E 


0.97 


4R004Y 


0.98 


4R004H 


0.99 


4R004Q 


0.99 


4R004T 


1.00 


5I005G 


0.01 


5I005N 


0.01 


5I0O5P 


0.01 


5I005R 


0.01 


5I005F 


0.15 


SI005S 


037 


5I005H 


0.63 


5I005T 


0.72 


5I005V 


0.92 


6L006S 


0.01 


6L006K 


0.01 


6L006G 


0.01 


6L006H 


0.01 


6L006R 


0.01 


6L006W 


0.01 


6L006E 


0.01 


6L006Q 


0.01 


6L006V 


035 


6L006T 


035 


6L006I 


0.82 


7 COOTS 


0.01 


7C007R 


0.01 


7C007Y 


0.54 


7O007M 


0.68 


7O007G 


0.69 



PCT/US2004/040438 



Table 10-7. Variants with 




Peracid Degradation Resul 


is 


Less than Wfld-Type- 




Pos WT/Pos/Var.PAD PI 


8F008S 


0.01 


8F008R 


0.46 


8F008H 


0.64 


8F008G 


0.65 


8F008T 


0.77 


8F008K 


0.83 


8F008P 


0.83 


8F008V 


0.85 


8FO08Y 


0.90 


■ 8F008N 


0.96 


9G009H 


0.01 


9G009T 


0.01 


10D010W 


0.01 


10D010K 


0.01 


10D010Y 


0.01 


10D01OT 


0.01 


10D010I 


0.01 


10D010V 


0.01 


10D010S 


0.01 


10D010G 


0.01 


10D010R 


0.01 


10D010A 


0.01 


10D010M 


0.01 


10D010N 


0.01 


10D010P 


0.01 


10D010B 


0.15 


11S011T 


0.01 


11 SOI IV 


0.01 


11 SOI ID 


0.01 


11 SOI IE 


0.01 


11S011F 


0.01 


11S011G 


0.01 


11 SOUL 


0.01 


11S011Q 


0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PADPI 



11 SOUR 


0.01 


USOUH 


033 


11 SOI IK 


0.40 


11S011A 


033 


11 SOI 11 


036 


12L012V 


0.01 


12L012S 


0.01 


12L012G 


0.01 


12L012R 


0.01 


12L012D 


0.01 


12L012P 


0.01 


12L012W 


0.02 


12L012T 


0.06 


12L012A 


0.07 


12L012K 


0.13 


12L012H 


0.16 


12L012F 


0.17 


12L012Q 


022 


12L012C 


022 


12L012N 


0.66 


13T013Q 


0.51 


13T013V 


0.63 


13T013S 


0.68 


13T013G 


0.77 


14W014I 


0.01 


14W014S 


0.01 


14W014G 


0.01 


14W014K 


0.01 


14W014V 


0.01 


14W014L 


0.01 


14W014T 


0.01 


14W014R 


0.01 


14W014N 


0.01 


14W014P 


0.01 



PCT/US20O4AMO438 



Table 10-7. Variants with 




Peracid Degradation Results 


Less than Wild-Type- 




Pos WT/PosJVar. PAD FI 


14W014B 


0.15 


14W014F 


022 


14W014A 


027 


14W014Y 


036 


15G015C 


0.01 


15G015N 


031 


15G015D 


031 


15G015E 


031 


15G015P 


aoi 


15G015A 


031 


15G015S 


033 


16W016S 


031 


16W016G 


031 


16W016H 


0.01 


16W016T 


031 


16W016R 


0.01 


16W016N 


0.01 


16W016P 


0.15 


16W016Q 


031 


16W016M 


037 


16W016A 


0.55 


16W016D 


0.57 


16W016E 


0.65 


16W016V 


038 


17V017A 


0.68 


17V017E 


0.75 


17V017G 


0.84 


17V017K 


0.84 


17V017F 


035 


17V017T 


036 


17V017Y 


0.88 


17V017R 


034 


17V017P 


036 


17V017I 


399 
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GC821-2 



Table 10-7. Variants with 
Perarid Degradation Results 
Less than Wild-Type 
Pos WT/PosiVar. PAD PI 



17V017L 


1.00 


18P018S 


0.07 


19V019P 


o!oi 


19V019M 


0.12 


19V019R 


034 


19V019Q 


0.40 


19V019A 


035 


19V019G 


036 


19V019S 


037 


19V019E 


0.62 


19V019Y 


0.70 


19V019D 


0.79 


19V019L 


0.91 


19V019K 


0.97 


20E020L 


0.73 


20E020G 


0.78 


21D021P 


0.86 


22G022K 


0.01 


22G022W 


0.23 


22G022R 


036 


22G022V 


0.85 


22G022S 


0.98 


23A023R 


0.28 


23A023S 


0.34 


23A023G 


0.35 


23A023F 


0.44 


23A023V 


0.60 


23A023Q 


0.73 


23A023P 


0.73 


23A023W 


0.80 


23A023M 


0.95 


23A023Y 


0.96 


24P024S 


0.61 


24P024Q 


0.65 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos7Var.PADPI 


24P024T 


0.66 


24P024A 


0.68 


24P024G 


0.76 


24P024I 


0.85 


24P024R 


0.91 


24P024H 


0.97 


25T025P 


0.01 


25T025H 


0.01 


25T025L 


0.01 


25T025R 


0.01 


25T025M 


0.01 


25T025E 


0.01 


25T025D 


0.01 


25T025K 


0.13 


25T025W 


0.14 


25T025I 


0.35 


25T025G 


0.43 


25T025C 


031 


25T025V 


051 


25T025S 


0.58 


25T025A 


0.86 


26E026S 


0.28 


26E026T 


0.40 


26E026W 


0.47 


26E026N 


0.48 


26E026R 


0.81 


26E026G 


0.87 


26E026C 


0.94 


26E026V 


0.97 


26E026P 


0.99 


27R027W 


0.01 


27R027T 


0.01 


27R027P 


0.48 


27R027C 


0.58 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar. PAD PI 



27R027S 


0.69 


27R027G 


0.84 


27R027E 


0.93 


27R027V 


0.94 


28F028G 


0.01 


28F028P 


0.39 


28F028V 


0.53 


28F028S 


0.70 


29A029V 


0.44 


29A029T 


0.47 


29A029S 


0.55 


29A029Y 


0.59 


29A029P 


0.62 


29A029R 


0.73 


29A029W 


0.74 


29A029M 


0.77 


29A029G 


0.80 


29A029E 


0.84 


29A029D 


1.00 


30P03OM 


0.79 


30PO3OQ 


0.91 


30P030A 


0.92 


31D031E 


0.88 


32V032P 


0.01 


32V032R 


0.72 


33R033V 


0.94 


34W034R 


0.01 


34W034E 


0.01 


34W034Q 


0.04 


34W034S 


0.08 


34W034T 


0.15 


34W034V 


0.73 


34W034G 


0.88 


34W034I 


0.94 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Jtesuhs 
Less than Wild-Type 



« WT/PosJVar. 


PAD PI 


35T035Q 


0.01 


35T035N 


0.01 


35T035R 


0.01 


35T035V 


034 


36G036S 


026 


36G036T 


033 


36G036V 


038 


36G036M 


0.54 


36G036N 


036 


36G036W 


0.68 


36G036Q 


0.71 


36G036R 


0.90 


37V037T 


0.81 


37V037H 


0.96 


37V037W 


0.98 


38L038K 


0.01 


38L038G 


0.01 


38L038E 


0.01 


38L038P 


0.01 


38L038Q 


0.01 


38L038R 


0.01 


38L038D 


0.12 


38L038S 


0.29 


38L038A 


. 0.63 


38L038C 


0.72 


39A039S 


0.01 


39A039G 


0.30 


39A039N 


0.43 


39A039R 


0.64 


39A039I 


0.71 


39A039P 


0.74 


39A039T 


0.79 


39A039M 


0.81 


39A039E 


0.83 
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GC821-2 

Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pas WT/IWVar. PAD PI 


39A039C 


0.92 


39A039K 


0.96 


39A039L 


0.97 


39A039V 


0.98 


40Q040P 


0.01 


41Q041V 


0.01 


41Q041S 


022 


41Q041P 


0.66 


41Q041Y 


0.70 


41Q041W 


0.88 


42L042W 


0.01 


42L042H 


0.01 


42L042T 


0.01 


42L042Q 


0.28 


42L042S 


0.45 


42L042R 


0.64 


42L042I 


0.66 


42L042V 


0.73 


42L042M 


0.74 


42L042G 


0.76 


43G043S 


0.23 


43G043P 


0.31 


43G043V 


0.33 


43G043Q 


0.48 


43G043R 


0.59 


43G043C 


0.73 


43G043I 


0.77 


43G043K 


0.86 


43G043M 


0.88 


43G043Y 


0.94 


43G043H 


0.96 


44A044S 


0.01 


44A044Y 


0.01 


44A044T 


0.01 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosWar. PAD PI 


44A044R 


0.01 


44A044B 


0.03 


44A044V 


0.50 


44A044F 


0.80 


44A044W 


0.85 


44A044M 


0.98 


44A044L 


0.99 


45D045S 


038 


45D045T 


0.44 


45D045R 


0.49 


45D045V 


0.50 


45D045P 


0.53 


45D045Q 


0.57 


45D045W 


0.58 


45D045H 


0.78 


45D045L 


0.78 


45D045M 


0.78 


45D045G 


0.84 


45D045A 


0.84 


45D045C 


0.84 


45D045K 


0.87 


46F046T 


0.43 


46F046W 


0.63 


46F046S 


0.66 


46F046V 


0.79 


46F046I 


0.88 


46F046G 


0.94 


47E047P 


036 


47E047R 


0.62 


47E047N 


0.63 


47E047S 


0.63 


47E047M 


0.70 


47E047A 


0.76 


47E047F 


0.76 
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GC821-2 



Table 10-7, Variants with 
Peracid Degradation Results 
Less than Wld-Type 
Pos WTAPosyVar. PAD PI 



47B047C 


0.77 


47B047T 


0.84 


47E047D 


0.98 


47B047H 


0.99 


48V048R 


0.01 


48V048S 


0.42 


48V048G 


0.87 


48V048N 


0.98 


48V048E 


0.99 


49I049P 


0.16 


49HM9R 


029 


49I049W 


0.68 


49I049H 


0.74 


49I049S 


0.79 


49I049E 


0.88 


49 WW 


0.97 


50E050R 


0.01 


50BO5OW 


0.14 


50BO50V 


0.43 


50B050I 


0.58 


50E050S 


0.65 


50EO5OQ 


0.91 


50EO5OL 


0.97 


51E051R 


0.01 


51E051I 


0.04 


51B051W 


0.17 


51E061V 


037 


51E051Q 


0.76 


51EQ51L 


0.93 


S2GQS2H 


0.01 


52GQS2S 


0.01 


52G052V 


0.01 


52G052T 


0.01 


52G052M 


0.01 



Table 10-7. Variants with 




Peracid Degradation Results 


Less than Wild-Type 




Pos WT/PosTVar. PAD PI 


52G052F 


0.01 


52G052I 


0.07 


52O052P 


024 


52G052L 


024 


52G052Q 


028 


52G052R 


035 


52G052E 


0.55 


52G052A 


0.79 


53L053R 


0.01 


53L053W 


0.01 


53L053P 


0.01 


53L053D 


0.01 


53L053E 


0.19 


53L053K 


024 


53L053S 


026 


53L053G 


033 


53L053V 


0.65 


53L053I 


0.66 


53L053Q 


0.72 


53L053T 


0.84 


54S054F 


0.01 


54S054W 


0.01 


54S054H 


0.01 


54S054K 


0.08 


54S054I 


0.12 


54S054Y 


0.12 


54S054G 


0.17 


54S054L 


026 


54S054V 


029 


54S054E 


030 


54S054T 


033 


54S054R 


035 


54S054M 


0.48 


54S054Q 


0.53 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar. PAD PI 



54S054D 


0.65 


54S054C 


0.88 


55A055V 


0.01 


55A055I 


0.01 


55A055P 


0.01 


55A055W 


0.01 


55A055Y 


0.18 


55A055R 


0.25 


55A055T 


0.42 


55A055G 


0.73 


55A055L 


0.87 


55A055S 


0.87 


55A055H 


0.92 


56R056C 


0.01 


56R056G 


0.01 


56R056T 


0.01 


56R056E 


0.01 


56R056Q 


0.01 


56R056S 


0,12 


56R056L 


0.24 


56R056N 


0.27 


56R056A 


0.69 


57T057R 


0.01 


57T057P 


0.01 


57T057N 


0.25 


57T057C 


0.40 


57T057Y 


0.55 


57T057H 


0.61 


57T057A 


0.65 


57T057L 


0.76 


57T057V 


0.87 


57T057I 


0.87 


58T058M 


0.03 


58T058A 


0.36 



PCTAJS2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type- 




Pos WT/PosWar. 


PAD PI 


58T058V 


0.96 


58T058S 


0.96 


59N059R 


0.01 


59N059M 


0.01 


59N059P 


0.01 


60I060P 


032 


60I060D 


0.66 


60I060C 


0.67 


60I060M 


0.68 


60I060A 


0.79 


60I060R 


0.81 


60I060L 


0.91 


60I060E 


0.92 


60I060K 


0.96 


60I060S 


1.00 


61D061F 


0.70 


61D061A 


0.71 


61D061C 


0.85 


61D061Y 


0.95 


61D061V 


0.97 


61D061N 


1.00 


62D062T 


0.01 


62D062I 


0.01 


62D062V 


0.01 


62D062H 


0.01 


62D062W 


0.01 


62D062S 


0.01 


62D062L 


0.01 


62D062G 


0.01 


62D062R 


0.01 


62D062M 


0.01 


62D062P 


0.01 


62D062Q 


0.01 


62D062A 


0.11 
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GC821-2 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wfld-Type 
Pos WT/PosyVar. PAD PI 



62D062C 


0.49 


62D062E 


0.60 


63P063A 


0.60 


63P063R 


0.80 


63P063S 


0.90 


63P063M 


0.91 


63P063F 


0.93 


63P063Y 


0.95 


64T064R 


0.11 


64T064D 


0.64 


64T064W 


0.69 


64T064Q 


0,87 


64T064C 


0.88 


64T064P 


0.94 


64T064H 


0.96 


64T064N 


0.98 


64T064S 


0.99 


65D065V 


0.20 


65D065R 


022 


65D065H 


0.40 


65D065Y 


0.42 


65D065P 


0.42 


65D065S 


0.47 


65D065W 


0.50 


65D065T 


0.50 


65D065G 


0.52 


65D065I 


0.62 


65D065A 


0.72 


66P066N 


0.38 


66P066Q 


0.42 


66P066G 


0.44 


66P066R 


0.51 


66P066C 


052 


66P066A 


036 



PCT/CS2004/040438 



Table 10-7. Variants with 




Peracid Degradation Results 


Less than WiW-Type~ 




Pos WT/PosJVar. PAD PI 


66P066F 


0.67 


66P066Y 


0.70 


66P066D 


0.72 


66P066I 


0.84 


66P066V 


089 


66P066H 


095 


66P066L 


0.99 


67R067F 


0.01 


67R067W 


0.02 


67R067P 


0.04 


67R067E 


0.11 


67R067V 


0.12 


67R067Q 


0.13 


67R067L 


0.16 


67R067A 


022 


67R067T 


032 


67R067N 


033 


67R067G 


0.41 


67R067K 


0.99 


68L068G 


0.01 


68L068A 


0.01 


68L068M 


0.03 


68L068C 


0.06 


68L068S 


0.07 


68L068N 


0.10 


68L068E 


0.13 


68L068H 


022 


68L068Q 


025 


68L068F 


025 


68L068T 


032 


68L068P 


035 


68L068D 


0.44 


68L068Y 


0.45 


68L068R 


0.47 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar, PAD W 


68L068V 


031 


68L068W 


036 


68L068I 


0.73 


69ND69Y 


an 


69N069W 


0L55 


69N069P 


039 


69N069R 


0.83 


69N069G 


&98 


70G070M 


0.01 


70G070T 


0.01 


70G070P 


0.01 


70G070V 


0.01 


70G070C 


0.01 


70G070R 


0.01 


70G070Y 


0.01 


mm f\ i - ■ f\_*m j"l 1 9 

70G070K 


0.01 


70G070N 


o.oi 


70G070Q 


0.01 


70G070F 


0.01 


70G070I 


0.27 


70G070E 


0.33 


70G070S 


0.64 


71A071P 


0.01 


71A071N 


0.61 


71A071D 


0.65 


71A071G 


0.68 


71A071S 


0.69 


71A071R 


0.77 


71A071H 


0.78 


71A071I 


0.79 


71A071T 


0.79 


71A071E 


0.81 


71A071L 


0.84 


71A071F 


0.99 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than WIId-Typ* 




Pos WT/PosJVar.PADPI 


71A071C 


0.99 


72S072Y 


0.07 


72S072W 


034 


72S072P 


036 


72S072Q 


0.66 


72S072L 


0.70 


72S072R 


0.74 


72S072D 


0.80 


72S072V 


0.83 


72S072E 


0.93 


72S072T 


0.97 


73Y073P 


0.01 


73Y073R 


0.26 


73Y073L 


0.50 


73Y073G 


031 


73 Y073H 


0.52 


73Y073I 


0.64 


73Y073S 


0.68 


73Y073V 


0.74 


73Y073N 


0.76 


73Y073D 


0.80 


73Y073Q 


0.87 


73Y073K 


0.94 


74L074S 


0.01 


74L074G 


037 


74L074V 


0.61 


74L074I 


0.64 


74L074W 


0.67 


74L074Y 


0.86 


75P075M 


0.30 


75P075R 


0.46 


75P075Q 


0.61 


75P075S 


0.63 


75P075T 


0.69 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosJVar.PAD PI 



75P075I 


0.74 


75P075H 


0.86 


75P075K 


0.88 


75P075G 


0.93 


76S076W 

m wM 9 \f ww 


0.01 


76S076Y 


0.18 


76S076F 


0.46 


76S076O 


0.90 


77C077Y 


0.01 


77O077R 


0.01 


77C077W 


0.01 


77C077F 


0.01 


77CX)77G 


0.18 


77C077L 


0.73 


77C077S 


0.76 


77C077V 


0.80 


77O077A 


0.91 


78L078E 


0.01 


78L078N 


0.01 


78L078M 


0.48 


78L078Q 


0.52 


78L078C 


0.78 


78L078Y 


0.81 


78L078V 


0.83 


79A079H 


0.01 


79A079F 


0.01 


79A079C 


0.03 


79A079Q 


0.27 


79A079E 


0.27 


79A079N 


028 


79A079M 


028 


79A079R 


0.32 


79A079W 


0.53 


79A079T 


0.60 



PCT/US2004/040438 



Table 10-7. Variants with 



Peracid Degradation 


Results 


Less than Wild-Type" 




Pos WT/PosJVar.PAD PI 


79A079I 


0.67 


79A079S 


0.78 


79A079G 


0.92 


79A079P 


0.94 


79A079L 


0.96 


80T080W 


0.01 


8OT080L 


0.01 


80T080K 


0.01 


80T080R 


0.01 


8OT08OE 


0.01 


80T080P 


0.01 


80T080H 


0.05 


80T080Y 


0.11 


80T080I 


0.15 


80T080N 


0.53 


81H081R 


0.01 


81H081Y 


0.14 


81H081K 


0.56 


81H081S 


0.69 


81H081V 


0.71 


81H081P 


0.72 


81H081Q 


0.75 


81H081G 


0.80 


81H081F 


0.90 


82L082R 


0.01 


82L082S 


0.01 


82L082W 


0.01 


82L082V 


0.19 


82L082G 


0J1 


82L082T 


0.38 


82L082H 


0.47 


82L082I 


0.51 


82L082K 


0.51 


82L082P 


0.52 
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Table 10-7. Variants with 
Peradd Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar.PAD PI 



82L082A 


0.98 


83P083T 


0.01 


83P083V 


0.19 


83P083L 


021 


83P083H 


0.61 


83P083W 


0.62 


83P083G 


0.68 


83P083S 


0.79 


83P083Q 


0.82 


83P083D 


0.83 


83P083F 


0.99 


84L084W 


0.01 


84L084V 


0.42 


84L084P 


0.43 


84L084T 


0.44 


84Ld84A 


0.45 


84L084Q 


0.52 


84L084S 


0.55 


84L084R 


0.57 


84L084N 


0.67 


84L084K 


0.79 


84L084D 


0.85 


84L084I 


0.87 


84L084H 


0.99 


85D085I 


0.10 


85D085L 


0.24 


85D085V 


0.25 


85D085W 


0.34 


85D085P 


0.54 


85D085Y 


0.55 


85D085S 


0.68 


85D085T 


0.71 


85D085N 


0.78 


85D085Q 


0.99 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation ResuttB 



Less than Wild-TypT 




Pos WT/PosVVar.PADPI 


86L086H 


0.01 


86L086S 


0.01 


86L086R 


0.01 


86L086E 


0.01 


86L086Q 


0.01 


86L086W 


0.08 


86L086V 


0.12 


86L086T 


028 


86L086G 


0.70 


86L086Y 


082 


86L086P 


0.99 


87V087S 


aoi 


87V087G 


0.01 


87V087Y 


0.01 


87V087R 


0.01 


87V087K 


0.01 


87V087D 


0.01 


87V087F 


0.10 


87V087T 


0.15 


87V087A 


0.17 


87V087M 


0.75 


88I088H 


0.01 


88I088T 


0.01 


88I088G 


0.01 


88I088N 


0.01 


88I088Q 


0.01 


89I089H 


0.01 


89I089S 


0.01 


89I089G 


0.01 


89I089W 


0.01 


89I089Q 


0.01 


89I089E 


0.01 


89I089F 


0.75 


89I089V 


0.82 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wad-Type 
Pos WT/PosyVar.PAD PI 



89I089T 
1V07 1 


090 




0 01 


OftMOOOW 

7V JYlUir V TV 


0 01 




0 01 


OnXyfAOfiP 
yUIVll/jrUx 


0 01 


90M090V 


00s 


onxyrnofiT 


AK 




0 36 


yu ivivyui 






0 77 




0 08 




0 01 

v.vl 


01 T /WIT 


0 01 


01 tjtoio 


0 01 

ViVl 


01 TO01F 


0 01 

ViVl 


91L091S 


0.43 


01 L001V 


0 70 


91L091M 


0.88 


92G092V 


0.01 


92G092S 


0.01 


92G092E 


0.01 


92G092F 


0.01 


93T093Q 


0.01 


93T093Y 


0.03 


93T093D 


0.23 


93T093S 


0.49 


93T093F 


0.54 


93T093C 


0.95 


94N094L 


0.01 


94N094T 


0.01 


94N094V 


0.01 


94N094H 


0.01 


94N094R 


0.01 


94N094W 


0.01 



PCT/US2004A)40438 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 



WT/Pos./Var. 


PAD PI 


94N094M 

» A ¥ ¥ J.YJL 


nm 


94N094C 


O 07 


04N004Y 


A 17 




a 


04N004A 


A 7 A 


Q4W004P 




y*r PiKKfrrO 


A fifi 




A 75 




A A1 


O^TOO/5W 


A A1 


0/?TO0#5V 
y\j iuy%j z 


A 01 
v*vl 


OfiTOOtfR 


A Id 


06T096V 

2r\J X U7V V 


0 SO 

Vm/7 


06T006S 


070 


96T096P 


0 89 


97K097O 


0.01 


97K097G 


0.01 


97K097I 


0.01 


97K097W 


0.01 


97K097L 


0.01 


97K097V 


0.01 


97K097Y 


0.01 


97K097S 


. 0.01 


97K097T 


0.01 


97K097M 


022 


97K097A 


023 


97K097P 


027 


97K097R 


0.59 


98A098T 


027 


98A098G 


036 


98A098S 


0.65 


98A098I 


0.65 


98A098H 


0.92 


99Y099R 


029 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos JVar. PAD PI 



99 Y099V 


0.31 


99Y099S 


0.37 


99Y099W 


0.57 


99Y099H 


0.59 


99 Y099I 


0.61 


99Y099G 


0.70 


99Y099P 


0.81 


99Y099A 


0.82 


99Y099L 


0.86 


100F100W 


0.01 


100F100K 


0.01 


100F100D 


0.01 


100F100E 


0.15 


100F100S 


0.85 


101R101W 


0.01 


101R101K 


0.07 


101R101Q 


0.11 


101R101V 


0.44 


101R101D 


0.80 


101R101Y 


0.80 


101R101P 


0.86 


101R101N 


0.92 


101R101C 


0.95 


101R101I 


0.96 


101R101F 


0.97 


102R102W 


0.01 


102R102F 


0.23 


102R102G 


0.27 


102R102C 


0.36 


102R102V 


0.61 


102R102D 


0.68 


102R102P 


0.89 


102R102S 


0.96 


103T103W 


0.01 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than WUd-TypT 




Pos WT/Pos/Var. 


PAD PI 


103T103Y 


aoi 


103T103G 


aoi 


103T103K 


aoi 


103T103I 


aoi 


103T103L 


aoi 


103T103H 


aoi 


103T103A 


aoi 


103T103V 


aoi 


103T103S 


aoi 


103T103C 


aoi 


103T103R 


aoi 


103T103N 


aoi 


103T103F 


aoi 


103T103P 


aoi 


104P104R 


aoi 


104P104W 


0.23 


104P104T 


033 


104P104S 


0.53 


104P104Q 


085 


104P104F 


0.86 


104P104G 


0.98 


105L105V 


0.01 


105L105E 


0.53 


105L105S 


0.61 


105L105Y 


0.62 


105L105T 


0.64 


105L105P 


0.90 


106D106R 


0.56 


106D1O6Q 


0.62 


106D106P 


0.63 


106D106N 


0.64 


106D106M 


086 


1 06 D 1061 


032 


106D106L 


1.00 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/Pos/Var.PAD PI 



1 /Y7T1 A7T7 
IV/ llU/U 


o 01 

U.Ul 


1U711U/VJ 


a ai 

U.Ul 


t <V7 T1 fYTD 

lu/llu/r 


A AI 

U.Ul 


1U7 llU/VJ 


a m 

U.Ul 


107I107R 


a ai 
U.Ul 


1 ATT1 atb 

107I107P 


U«52 


lu/Ilu/i 


uoz 


1 /VT T1 AT A 

1071107A 


A OA 
U.oU 


-1 ATT T1 /V7XT 

107I107N 


A Ol 


107I1U7V 


A 07 


1 AO A 1 AOC 

lOoAluoE 


A £1 
U.Ol 


1 AD A 1 AOA 

luoAlUov 


A 71 
U. /J 


i no A 1 ACT 
lUoAlUol 


A B7 
U.o/ 


1 AO A 1 AO\7 

lOo AlUoV 


A 


i no t 1 now 


A A1 
U.Ul 




0 1 1 

v.l 1 


1 AO T 1 AAT 


A Id 


109L109E 


0.19 


109L109R 


0.21 


109L109H 


0.22 


109L109Q 


022 


109L109F 


032 


109L109A 


0.32 


109L109S 


0.38 


109L1Q9P 


0.43 


109L109G 


0.51 


109L109V 


0.54 


109L109M 


0.63 


109L109N 


0.66 


109L109T 


0.79 


109L109Y 


0.83 


110G110T 


0.01 


110G110W 


0.01 


110G110Y 


0.01 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid DegradationResahs 
Less than Wild-Type 
Pos WT/PosyVar.PADPI 



1 10G110P 

X lUVJl lvx 


O 00 


1 lUVJl 1V1 


0 91 


1 lUUllvo 


A 1A 
UoU 


1 1 oni ion 

1 1UVJ1 IvV^ 


O 1A 


1 1001 10P 
1 1UVJ1 1UIV 


O Aft 


1 lUvjllUxl 


A 71 
U. 10 


1 lUvxllUlV 


O 77 
U./ / 


1 1 Am 1 AAA 
ilUvJllUJVl 


A R7 


111 M1 1IP 
111 Ml 1 lit 


A A1 
U.Ul 


111 Ml 1 1 Q 


O 14 
U.l*r 


111 Ml 1 1H 
111 Ml 1 1X1 


O 10 

U«l7 


111 Ml 1 1 0 

111 JV11 11VJ 


O V) 


11 1 M111P 
ill ivii i ir 


0 57 


111 M111F 

111 1V11 1 LCt 


0 67 


1 1 1 Ml 111 


0 67 


111M1UK 

XXI 1 ▼ X XXX XV 


0.71 


111 M111T 

XXX 1 vx X X X X 


0.76 


111M111F 


0.78 


111M111D 


0.79 


U1M111V 


0.93 


112S112Y 


0.01 


112S112R 


0.01 


112S112P 


0.01 


112S112H 


0.38 


112 SI 12V 


0.48 


112S112M 


0.56 


112S112W 


0.58 


112S112K 


0.68 


112S112T 


0.72 


112S112N 


0.85 


112SU2F 


0.88 


112S112A 


0.94 


113V113S 


0.57 


113V113G 


0.58 
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Table 10-7. Variants with 
Peradd Degradation Results 



Less than Wild-Type 




Pos WT/PosWar.PADPI 


113V113K 


0.72 


113V113H 


0.76 


113V113W 


0.80 


113V113L 


0.85 


113V113T 


0.86 


113V113D 


0.87 


113V113E 


0.94 


113V113C 


0.94 


113V113F 


0.96 


113V113Y 


0.98 


114L114H 


0.01 


114L114E 


0.01 


114L114Q 


0.12 


114L114P 


0.28 


114L114S 


0.55 


114L114V 


0.60 


114L114N 


0.77 


115V115I 


0.99 


116T116Y 


0.47 


116T116V 


0.57 


116T116R 


0.62 


116T116L 


0.68 


116T116W 


0.75 


116T116I 


0.76 


116T116Q 


0.77 


116T116P 


0.84 


116T116G 


0.90 


116T116E 


0.91 


116T116A 


0.95 


116T116S 


0.96 


117Q117W 


0.71 


117Q117V 


0.76 


117Q117G 


0.79 


117Q117S 


0.87 



PCT/US2004/040438 



Table 10-7. Variants with 
Peradd Degradation Results 



Less than Wild-Type 




Pos WT/PosWar.PADPI 


118V118K 


0.01 


118V118W 


0.01 


118VU8E 


0.01 


118V118R 


0.07 


118V118P 


022 


118V118D 


0.40 


118 VI 181 


0.55 


118V118G 


Q56 


118V118S 


0.82 


118V118A 


0.85 


118V118T 


0.92 


118V118M 


093 


118V118F 


1.00 


119L119G 


0.01 


119L119S 


0.01 


119L119F 


0.01 


119L119R 


0.01 


119LU9P 


0.01 


119L119T 


0.10 


119L119N 


0.11 


119L119V 


0.15 


119L119W 


020 


119L119C 


024 


119L119D 


028 


119L119E 


0.32 


U9L119I 


0.43 


119L119H 


0.46 


119L119Y 


0.56 


120T120P 


0.01 


120T120H 


0.50 


120T120R 


0.60 


120T120A 


0.66 


120T120Q 


0.78 


120T120C 


0.92 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


121S121P 


. 038 


121 S121R 


0.70 


121S121W 


0.77 


121S121K 


0.78 


121S121G 


0.99 


122A122G 


0.01 


122A122D 


0.06 


122A122F 


0.15 


122A122H 


0.17 


122A122R 


0.40 


122A122S 


0.43 


122A122K 


0.45 


122A122E 


0.47 


122A122T 


032 


122A122P 


0.55 


122A122I 


0.65 


122A122N 


0.70 


122A122Q 


0.74 


122A122W 


0.86 


122A122V 


0.89 


122A122M 


0.94 


123G123C 


0.30 


123G123Q 


031 


123G123T 


0.54 


123G123B 


0.56 


123G123V 


0.59 


123G123R 


0.60 


123G123N 


0.71 


123G123H 


0.74 


123G123F 


0.80 


123G123P 


0.81 


123G123D 


0.84 


124G124I 


0.01 


124G124H 


0.01 



PCT/US20O4/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


124G124M 


0.01 


124G124W 


0.01 


124G124P 


0.01 


124G124A 


0.03 


124G124Q 


031 


124G124T 


032 


124G124V 


033 


124G124R 


0.41 


124G124L 


034 


124G124S 


036 


124G124Y 


036 


124G124N 


. 0.60 


124G124D 


0.64 


124G124C 


0.67 


124G124F 


0.95 


125V125W 


035 


125V125E 


039 


125V125R 


0.47 


125V125C 


0.54 


125V125D 


0.54 


125V125P 


0.62 


125V125F 


0.63 


125V125S 


0.79 


125V125Y 


0.81 


125V125A 


0.93 


125V125I 


0.94 


126G126I 


0.01 


126G126V 


0.18 


126G126Y 


033 


126G126L 


0.54 


126G126A 


0.55 


126G126E 


0.60 


126G126P 


0.67 


126G126T 


0.74 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar. PAD PI 


lZoOlZOK 


0.70 


1 OiC OAT 

IZouIzoN 


A Of 

0.85 


126G126S 


A AA 

0.90 


126G126C 


0.98 


4 *\*4 m« #%«TT 

127T127L 


o.oi 


127T127E 


O.OI 


127T127Q 


0.15 


127T127I 


0.20 


127T127H 


0.60 


127T127D 


0.62 


127T127M 


0.64 


127T127C 


0.65 


127 Tl 27V 


. 0.68 


127T127G 


J% M« 

0.71 


127T127P 


0.77 


127T127S 


A Ol 

0.83 


lzo 1 lzoD 


O.oo 


129Y129W 


/\ **\4 

O.OI 


129Y129G 


o.oi 


129Y129K 


O.OI 


129Y129V 


0.01 


129Y129T 


0.14 


129Y129A 


0.17 


129Y129R 


0.18 


129Y129M 


0.21 


129Y129D 


0.23 


129Y129L 


0.27 


129Y129N 


0.53 


129Y129P 


0.59 


129Y129C 


0.61 


129Y129S 


0.69 


129Y129F 


0.71 


130P130T 


0.01 


130P130H 


0.01 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Results 



Less Hum Wild-Type 




Pos WT/PosJVar.PAD PI 


130P130G 


0.01 


130P130S 


0.01 


130P130L 


0.09 


130P130E 


022 


130P130W 


028 


130P130V 


037 


130P130I 


0.41 


130P130A 


0.44 


130P130F 


0.48 


130P130R 


0.53 


130F130K 


0.55 


130P130C 


0.64 


130P130M 


0.76 


131A131W 


0.01 


131A131D 


0.40 


131A131Y 


0.48 


131 A131L 


0.59 


4.4 i «A4fl 

131A131S 


0.68 


131A131P 


0.71 


131A131Q 


0.74 


131A131V 


0.78 


131A131H 


0.82 


131A131G 


0.87 


131A131E 


0.97 


132P132V 


0.01 


132P132T 


0.01 


132P132W 


0.01 


132P132F 


0.01 


132P132I 


0.01 


132P132H 


0.01 


132P132R 


0.01 


132P132D 


0.01 


133K133C 


0.01 


133K133A 


0.10 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar.PADPI 


1111T1HV 


Oil 


133 lvl33VJ 


Oil 


1331vl33ri 


0 11 


133KJ33M 


nil 


1 11 V 1 

13 J JU331 


A 10 


133 KJ 331 




133K133v2 




133 lvl33o 


osa 


133K133r 


A 

VU7 


133K133r 


A *71 
U./1 


1 44 villi? 

133K133J2 


U./O 


133K133K 


A ftl 

U.OJ 


1 11VM1VJ 
133K.133W 


n oo 


11.4 VI 1Af\ 
13*t V 13*H^ 


0 70 


1 1AT 


086 


1 1AT 


0R9 


ll^T 1 IfiT 


0 01 

v.Vl 


135L135W 


0.01 


135L135K 


0.01 


135L135S 


0.01 


135L135F 


0.01 


135L135G 


0.01 


135L135R 


0.01 


135L135P 


0.01 


135L135Q 


0.17 


135L135V 


0.43 


135L135E 


0.63 


135L135M 


0.78 


136V136P 


0.01 


136V136E 


020 


136V136N 


0.40 


137V137N 


0.01 


137V137G 


026 


137V137S 


029 
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Table 10-7. Variants with 
Peracid DegradationResulb 



Less than Wild-Type 




Pos WT/PosWar. PAD PI 


137V137I 


070 


117V117T 


Oin 


11R SI 1RT 




11RS11RV 




110 PI 10^ 


v.vl 


no pi ion 


VtVl 


no pi ion 


U.ul 


139P139C 


001 

v.Vl 


110 pi ion 


0 01 


110P110P 


0 01 
v.vl 


110P1 10F 


0 01 

V.Vl 


110P110H 


0 01 


11QP110T 


001 

V.Vl 


119P139K 


001 

V.Vl 


139P139N 


0.01 


139P1390 


0.01 


139P139T 

X X IJ7 1 


0.01 


139P139V 


0.01 


140P140T 


0.01 


140P140S 


0.01 


140P140V 


0.01 


140P140W 


0.01 


140P140I 


0.01 


140P140Y 


0.01 


140P140Q 


0.01 


140P140R 


0.01 


141P141R 


0.01 


141P141Q 


0.01 


141P141S 


0.02 


141P141T 


0.12 


141P141V 


0.16 


141P141Q 


037 


141P141I 


038 


141P141L 


0.65 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosTVar. PAD PI 


141 P141H 


• 079 


141 PI AIM 


ft 07 


149T 149W 


U.U1 


149T 149T 


ft 9ft 


149 T 149^ 


U.31 


149T 1490 








149T149P 


n 44 

U.44 


149T 149J7 


ft C4 


149T 149 A 


ft 

v.DO 


149T 149V 


ft a/; 
u.oo 


149T 149P 


ft 7ft 
U. IK) 


143 A143W 


ft 01 
U.U1 


143A143P 




143 A143G 


0 49 


143A143S 


0 63 


143 A143F 


0 68 

v.UO 


143A143Q 


0.81 


143A143N 


0.82 


143A143T 


0.97 


143A143R 


0.99 


143A143V 


0.99 


144P144G 


0.62 


144P144A 


0.79 


144P144T 


0.81 


144P144S 


0.92 


145M145W 


0.01 


145M145G 


0.26 


145M145E 


0.48 


145M145I 


0.53 


145M145Q 


0.57 


145M145L 


0.61 


145M145V 


0.63 


145M145R 


0.69 



PCT/US2004/040438 



Table 10-7. Variants with 
Peracid Degradation Re nte • 
Less than Wild-Type 



WT/PosJVar.PADPI 


145M145F 


ft 77 
U./ / 




0.78 


1 4^ mri 4<c 


a TO 

0.78 


143M143 1 


0.79 


145 Mi 4 j A 


0.79 


143 Ml 41) Y 


0.82 


14<TUT1 A<f~* 

143M143C 


0.93 


14AP1 A/CTX7 
140ri40W 


0*68 


146P14/7T 


ft Tit 


140r 140V 


0.77 


14AP14AO 
140.rl40o 


0.96 


147IT147C 
14/1114/0 


A TC 

0.75 


147W147T 
14/1114/ 1 


A OA 
0.64 


1 47 W1 47T 


ft oo 


147W147V 


ft oo 


147R147P 


ft 04 


147R147A 


ft Off 


148P148Q 


0.98 


149W149R 


0.01 


149W149E 


0.01 


149W149P 


0.01 


149W149C 


0.12 


149W149I 


024 


149W149A 


0.31 


149W149S 


0.33 


149W149Q 


0.40 


149W149T 


. 0.44 


149W149G 


0.45 


149W149M 


0.49 


149W149F 


0.50 


149W149L 


0.64 


149W149Y 


0.75 


150F150P 


0.32 


150F150N 


036 
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Table 10-7. Variants with 
Peradd Degradation Results 
Less than Wild-Type 
Pos WT/PosTVar.PAD PI 



150F150G 


0.46 


150F150V 


0.51 


150F150A 


0.54 


150F150T 


0.58 


150F150W 


0.62 


150F150M 


0.63 


150F150E 


0.73 


150F150C 


0.78 


150F150I 


0.78 


150F150K 


0.85 


151Q151L 


0.01 


151Q151V 


0.01 


151Q151F 


0.01 


151Q151I 


0.01 


151Q151W 


0.32 


152L152I 


0.61 


152L152P 


0.61 


152L152T 


0.69 


152L152Q 


0.76 


152L152G 


0.77 


152L152S 


0.84 


152L152D 


0.86 


152L152V 


0.88 


152L152R 


0.91 


152L152K 


0.91 


152L152H 


0.92 


153I153N 


0.89 


154F154T 


0.01 


154F154G 


0.01 


154F154V 


0.01 


154F154S 


0.29 


154F154Q 


0.97 


155E155R 


0.01 


155E155F 


0.23 
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Table 10-7. Variants with 
Peradd Degradation Results 



Less than Wfld-Type~ 




Pos WT/PosJVar. 


PAD Pi 


155E155V 


047 


155E155I 


065 


155E155Q 


069 


156G156I 


OuOl 


156G156F 


073 


156G156W 


O90 


156G156L 


094 


156G156V 


097 


157G157R 


O01 


157G157P 


O01 


157Q157S 


019 


157G157V. 


O40 


157G157C 


061 


157G157E 


084 


157G157M 


085 


157G157A 


0.87 


157G157D 


0.94 


157G157T 


0.99 


158E158V 


089 


158E158D 


0.89 


158E158T 


0.91 


158 El 581 


0.94 


159Q159A 


028 


159Q159C 


031 


159Q159P 


0.49 


159Q159D 


0.63 


159Q159L 


0.70 


159Q159G 


0.72 


159Q159S 


0.73 


159Q159R 


074 


159Q159M 


084 


159Q159E 


0.97 


160K160W 


0.01 


160K160G 


O30 
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Table 10-7. Variants with 
Feracid Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar. PAD PI 


160K160H 


0.57 


160 Kl 60S 


0.70 


160K160L 


0.95 


160K160I 


1.00 


161T161R 


0.01 


161T161H 


0.01 


161T161W 


0.01 


161T161N 


0.01 


161T161G 


0.43 


161T161C 


0.56 


161T161S 


0.57 


161T161I 


0.98 


163E163F 


0.27 


163E163R 


0.49 


163E163V 


0.55 


163E163P 


0.77 


163E163G 


0.80 


163E163H 


0.82 


163E163S 


0.85 


163E163W 


0.98 


164L164Y 


0.01 


164L164A 


0.01 


164L164D 


0.01 


164L164E 


0.01 


164L164G 


0.01 


164L164H 


0.12 


164L164F 


0.86 


164L164C 


0.91 


164L164T 


0.99 


165A165I 


059 


165A165K 


0.82 


165A165Y 


0.84 


165A165S 


034 


165A165F 


1.00 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos/Var. PAD PI 


166R166T 


0.74 


166R166V 


0.76 


166R166G 


0.91 


166R166S 


0.95 


168Y168G 


0.01 


168Y168T 


0.01 


168Y168V 


0.01 


168Y168I 


0.01 


168Y168C 


0.01 


168Y168Q 


0.01 


169S169P 


0.89 


169S169T 


0.97 


170A170I 


. 0.44 


170A170S 


0.47 


170A170G 


0.62 


170A170T 


0.72 


170A170V 


0.74 


170A170K 


0.83 


170A170W 


0.83 


170A170L 


0.85 


170A170Q 


0.89 


170A170Y 


0.89 


171L171R 


0.01 


172A172K 


0.01 


172A172R 


0.01 


172A172E 


0.01 


172A172Q 


0.18 


172A172V 


0.39 


172A172W 


0.45 


172A172P 


0.58 


172A172I 


0.58 


172A172T 


0.71 


172A172N 


0.76 


172A172G 


0.84 
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Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/PosyVar.PAD PI 


1 TO A 1 TOO 

172A172o 


a fi< 
U.oj 


1 TO A 1 T<> 

172A172C 


a ca 


174F174W 


A A1 
U.UI 


174F174Q 


A A*Z 

0.4o 


174F174C 


A AO 


174F174R 


0.5Z 


174F174S 


A C\ 


4 *v j t^4 *v^^n 

174F174T 


A HA 

0.04 


174F174V 


0.67 


174F174G 


A A1 
0.91 


i tc x #1 tch 

175M175P 


A AS 
U.Uo 


175M175A 


A *ZA 
0.OO 


175M175Y 


A 79 

U. ML 


175M175G 


A T< 
0.73 


1 fc\ii newt 
175M175W 


A Ht\ 
U. /O 


175M175Y 


U.Oi 


175M175U. 


A ft* 


175M175L 


0.86 


175M175R 


0.86 


175M175T 


0.90 


176K176S 


0.72 


176K176G 


0.73 


176K176P 


0.78 


176K176L 


0.92 


176K176Y 


0.93 


176K176N 


0.94 


176K176T 


057 


176K176Q 


0.97 


178P178W 


0.02 


179F179Q 


0.01 


179F179S 


0.34 


179F179W 


0.86 


179F179H 


0.93 


179F179N 


0.95 
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Table 10-7, Variants with 
Peracid DegradationResults 



Less than Wild-Type 




Pos WT/PosJVar.PAD PI 


IfiOFIROJT 


0 01 
U.UI 


lOACICAT 

lourioui 


O 01 
U.UI 


1 fiAPIfiJTP 
loUrlOUIv 


O Ol 
U.UI 


1 QAPIftAO 

loUrloUo 


A Ol 


i $20 pi son 


0 01 
U«vi 


1 SACIfiOO 


o 01 
U.UI 


lolUlolI 


A 01 
U.UI 


lol L/lol W 


O 01 
U.UI 


1 C1 nisi T 
lolDlolL* 


O 01 
U.UI 


lol UlOl 1 


0 01 
U.UI 


ifii nifiiv 

lolUlOlY 


O 01 
U.UI 


ifii niftip 

151 UloltV 


0 00 


181 D181K 


047 


1 fii main 


0.52 


ifii niftis 


0 55 


181 D1810 

lOl L/ioiy 


0.60 


ifii nifiip 

lol L/ioir 


066 


181D181E 


0.72 


181D181C 


0.85 


182A182I 


0.01 


182A182R 


0.01 


182A182Q 


0.01 


182A182P 


0.01 


182A182T 


0.11 


182A182N 


0.53 


182A182S 


0.85 


182A1820 


0.94 


182A182C 


0.99 


183G183S 


0.01 


183G183Q 


0.01 


183G183V 


0.01 


183G183F 


0.19 


183G183H 


0.95 


183G183D 


0.99 
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Tabic 10^7. Variants with 
Peradd Degradation Results 
Less than Wild-Type 
Pos WT/Pos JVsr. PAD PI 



184S184T 


0.60 


184S184H 


0.74 


184S184G 


0.82 


184S184P 


0.85 


185V185W 


0.01 


185V185H 


0.01 


185V185G 


0.01 


185V185D 


0.01 


185V185S 


0.53 


185V185Y 


0.58 


185 VI 851 


0.63 


185V185R 


0.79 


185V185K 


0.79 


185V185C 


0.83 


185V185E 


0.88 


185V185T 


0.91 


185V185L 


0.93 


186I186G 


0.01 


186I186S 


0.01 


186I186R 


0.01 


186I186P 


0.01 


186I186T 


0.23 


186I186V 


0.48 


186I186F 


0.76 


187S187P 


0.01 


187S187T 


0.23 


187S187Q 


0.35 


187S187W 


0.52 


187S187R 


0.55 


187S187V 


0.58 


187S187F 


0.65 


187S187Y 


0.80 


188T188H 


0.01 


188T188R 


0.01 



Table 10-7. Variants with 
Peradd Degradation Results 



Less than Wild-Type 




Pos WT/PosJVar.PADPI 


188T188F 


0.01 


188T188Y 


0.09 


188T188I 


0.10 


188T188V 


0.15 


188T1«8L 


0.42 


188T188M 


0.75 


188T188G 


0.79 


188T188C 


0.87 


188T188S 


0.91 


188T188A 


0.95 


189D189F 


037 


189D189R 


039 


189D189N 


037 


189D189V 


0.71 


189D189W 


0.76 


189D189E 


0.77 


189D189G 


0.80 


189D189S 


0.81 


189D189M 


0.88 


189D189C 


0.94 


189D189H 


0.95 


189D189P 


0.97 


1 90 G 190V 


0.01 


190G190S 


0.01 


190G190Q 


0.29 


190G190W 


0.41 


190G190R 


0.51 


190G190K 


037 


190G190L 


0.82 


191V191H 


0.01 


191V191W 


0.01 


191V191S 


0.01 


191V191G 


0.01 


191V191N 


0.01 
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Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosyVar. PAD PI 



191V191I 


0.02 


192D192S 


0.01 


192D192P 


0.01 


192D192F 


0.01 


192D192H 


0.01 


192D192I 


0.01 


192D192Q 


0.01 


192D192R 


0.01 


192D192T 


0.01 


192D192V 


0.01 


192D192W 


0.01 


192D192N 


0.15 


192D192C 


0.56 


193G193H 


0.01 


193G193C 


0.01 


193G193T 


0.01 


193G193N 


0.01 


194I194S 


0.01 


194I194A 


0.01 


194I194C 


0.01 


194I194P 


0.01 


194I194F 


0.01 


194I194W 


0.01 


194I194R 


0.01 


194I194Y 


0.01 


194I194G 


0.04 


194I194L 


038 


194I194V 


0.78 


195H195S 


0.08 


195H195C 


0.10 


195H195L 


0.18 


195H195N 


022 


195H195R 


024 


195H195F 


. 0.40 



Table 10-7. Variants with 
Peracid Degradation Results 



Less than Wild-Type 




Pos WT/Pos/Var.PAD PI 


195H195V 


0.60 


195H195Q 


036 


195H195A 


OSS 


196F196H 


0.01 


196F196G 


aoi 


196F196S 


OjOI 


196F196Q 


0.01 


196F196W 


038 


196F196P 


039 


196F196V 


068 


196F196M 


0.71 


196F196Y 


0.97 


197T197R 


aoi 


197T197L 


0.65 


197T197S 


075 


197T197G 


0.81 


197T197I 


0.84 


197T197C 


0.86 


197T197V 


0.89 


197T197N 


0.91 


199A199M 


0.93 


199A199S 


0.99 


199A199G 


0.99 


201N201Y 


0.01 


201N201T 


0.01 


201N201V 


0.01 


201N201R 


0.01 


201N201S 


0.06 


201N201H 


0.10 


201N201G 


030 


201N201L 


035 


201N201F 


0.67 


201N201E 


0.72 


203 D2O3V 


030 



313 



WO 2005/056782 



PCTAJS2004/040438 



GC821-2 



Table 10-7. Variants with 
Peracid Degradation Results 
Less than Wild-Type 
Pos WT/PosWar.PAD PI 

203 D203W 0.52 

203D203E 0.90 
The following Table provides variants that have protein 

("Prot. PI") better than wild-type. 



ice 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 
Pos 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 



WT/PosyVar.Prot. PI 


Pos WT/PosWar. Prot. PI 


2A002Y 


1.61 


17V017A 


1.21 


2A002N 


130 


17V017E 


1.11 


2A0Q2I 


1.25 


17V017F 


1.09 


2A002V 


1.18 


17V017I 


1.08 


2A002T 


1.17 


17V017K 


1.06 


2A002S 


1.15 


17V017T 


1.03 


5I005M 


1.29 


18P018C 


2.56 


7C007A 


1.22 


18P018H 


2.50 


7CO07G 


1.07 


18P018L 


2.50 


7C007M 


1.03 


18P018E 


2.47 


8F008N 


1.23 


18P018O 


2.47 


8F008M 


1.05 


18P018N 


235 


8F008G 


1.03 


18P018V 


2.30 


8F008P 


1.01 


18P018Q 


2.13 


11S011H 


1.06 


18P018R 


2.01 


11S011A 


1.04 


18P018Y 


1.68 


11S0UD 


1.03 


18P018S 


1.0S 


11 SOI IE 


1.01 


19V019G 


1.39 


11S011Q 


1.01 


19V019A 


123 


12L012N 


1.06 


19V019E 


1.10 


12L012Q 


1.05 


19V019Q 


1.07 


13T013V 


1.17 


19V019K 


1.03 


14W014Y 


1.02 


19V019M 


1.00 


16W016Y 


1.02 


20E020G 


1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosJVar.Prot PI 



oapaoap 
zunuzw 


1 ftft 

l.Uo 


oat*aoaa 


1 OR 


OA 13 AO ART 
2U12U20IN 


1 A1 


zOtiOzUV 


1 A1 
1.U1 


0**/5AOO A 

22UUZZA 


1 AT 
1.U7 


2200221 


1 Al 
1.U3 


o* AMir 
23 A023r 


1 tvx 
1.03 


O /I U/Y> AT 

24JP0241 


1 At 
1.43 


24F024O 


1,34 


241*11240 


1 It 
1.31 


1A TJAO./ITJ 

24rU24rl 


1 1 < 
1.1D 


OAPAOAT 

24r024l 


111 
1.1 1 


24TO241^ 


1 AA 
l.UO 


O^'rAOd"' 


1 17 

l.J / 


Z J 1 UZZ> V 


1 10 

1 •DXJ 


25T025G 


127 


OCTAOCA 
ZO lUZOA 


1 .XO 


25T025I 


1.19 


25T025P 


1.10 


25T025M 


1.04 


29A029G 


1.22 


29A029P 


1.07 


29A029M 


1.06 


29A029D 


1.06 


29A029V 


1.05 


29A029S 


1.05 


29A029T 


1.02 


29A029E 


1.02 


30PO3OE 


1.20 


30P030A 


1.15 


30PO3OS 


1.12 


30PO30L 


1.07 


30PO30Q 


1.06 


30P030K 


1.06 
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Table 104. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 



^OPOlftW 


1 AC 

1.10 




1 A4 

1.04 


3Z vujzm 


lit 

1.11 


32 VU3ZA 


1 1A 

1.10 


32 VUJZ1 


1 AO 

l.Uo 


^O \7A100 
32 VUJ2VJ 


t A* 

1.03 


32 VU32U 


1 At 
1.01 


35 IU33Vs 


1 tiC 

l.lo 


30VjrU30v^ 


1 AO 


30 *JU30JN 


1 AS 

l.Uo 


30 wU30V^ 


1 AT 




1 ft/5 
l.UO 




1 AO 


17VA17W 
j / YW / Sri 


1 AO 




1 1R 


30 A03QE 






1 OS 


46F046C 


1.01 


47E047I 


1.02 


54 SOMA 


133 


54S054C 


1.21 


54S054E 


1.16 


54S054D 


1.08 


54S054H 


1.06 


54S054N 


1.01 


54S054M 


1.01 


55A055N 


1.12 


55A055S 


1.08 


56R056Q 


1.02 


58T058V 


1.13 


60I060A 


120 


60I060M 


1.14 


60I060V 


1.06 


60I060L 


1.02 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar. Prot PI 



61D061A 


1.41 


61D061N 


1.12 


61D06TV 


1.10 


61D061Y 


1.03 


61D061Q 


1.02 


61D061L 


1.00 


62D062A 


1.06 


62 D062M 


1.06 


63P063S 


1.17 


63P063Y 


1.12 


63P063M 


1.09 


63P063Q 


1.08 


63P063A 


1.06 


63P063V 


1.06 


63P063R 


1.02 


63P063T 


1.02 


64T064Q 


1.13 


64T064M 


1.07 


64T064R 


1.05 


64T064C 


1.05 


64T064S 


1.03 


66P066Q 


1.91 


66P066G 


1.78 


66P066N 


1.62 


66P066C 


1.51 


66P066I 


1.51 


66P066R 


1.26 


66P066H 


1.23 


66P066V 


1.12 


66P066Y 


1.08 


66P066A 


1.03 


66P066F 


1.02 


67R067Q 


1.60 


67R067L 


1.46 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosJVar.Prot. PI 



67R067A 


139 


67R067V 


1.24 


67R067P 


1.04 


67R067F 


1 01 


68L068A 


1 07 


68L068V 


1.01 


68L068G 


1.00 


69N069C 


1.18 


69N069G 


1.06 


69N069D 


1.05 


69N069S 


1.03 


70G070A 


1.08 


72S072L 


-1.07 


72S072A 


1.06 


72S072Y 


1.03 


73Y073N 


1.25 


73Y073Q 


120 


73Y073C 


1.18 


73Y073D 


1.09 


73Y073V 


1.08 


73Y073M 


1.05 


73Y073L 


1.03 


74L074I 


1.45 


74L074Y 


1.19 


74L074V 


1.18 


74L074A 


1.01 


75P075M 


122 


75P075S 


1.18 


75P075T 


1.10 


75P075Y 


1.08 


75P075C 


1.06 


75P075Q 


1.04 


75P075L 


1.02 


75P075E 


1.00 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WMWVar.Prot. PI 



76S076W 


1.06 


77C077L 


1.44 


77C077V 


1.33 


77C077A 


120 


77C077S 


1.19 


77C077T 


1.18 


78L078I 


1.06 


78L078V 


1.04 


79A079C 


1.16 


79A079E 


1.12 


79A079S 


1.09 


79A079Q 


1.05 


79A079M 


1.04 


79A079R 


1.02 


80T080S 


1.12 


8OT080B 


1.02 


8OT080Q 


1.02 


82L082G 


124 


82L082R 


1.15 


82L082V 


1.14 


82L082S 


1.13 


82L082P 


141 


82L082M 


1.07 


82L082K 


1.03 


82L082A 


1.00 


83P083G 


1.01 


84L084V 


1.23 


86L086Q 


3.66 


89I089V 


1.09 


89I089L 


1.07 


93T093Q 


2.03 


96T096A 


132 


96T096V 


1.12 


96T096S 


1.05 



Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosjVar.Prot. PI 



96T096G 


1.03 


97K097A 


1.11 


97K097R 


1.02 


98A098S 


1.17 


98A098T 


1.03 


98A098N 


1.01 


99 Y099S 


1.45 


99Y099L 


139 


99Y099H 


130 


99Y099A 


129 


99Y099V 


12Z 


99Y099G 


\23 


99Y099W 


120 


99Y099I 


1.11 


100F100M 


120 


100F100N 


1.12 


1O0F1O0W 


1.06 


1O0F100S 


1.02 


101R101L 


133 


101R101N 


1.11 


101R101Q 


1.03 


101R101D 


1.02 


102R102Q 


1.09 


103T103O 


120 


103T103S 


1.14 


103T103H 


1.14 


103T103N 


1.07 


103T103K 


1.05 


103T103P 


1.01 


104P104S 


1.44 


104P104V 


1.40 


104P104E 


137 


104P104C 


134 


104P104N 


132 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 



104P104T 


1.29 


104P104G 


. 1.25 


104P104Q 


1.24 


104P104H 


1.11 


104P104I 


1.07 


104P104M 


1.01 


105L105Y 


1.18 


105L105H 


1.07 


105L105G 


1.07 


105L105C 


1.05 


105L105Q 


1.03 


105L105T 


1.00 


105L105P 


1.00 


106D106E 


1.02 


107I107S 


1.05 


107I107V 


1.04 


107I107C 


1.00 


108A108G 


1.15 


108A108S 


1.14 


108A108T. 


1.08 


109L109E 


1.24 


109L109I 


1.21 


109L109D 


1.15 


109L109N 


1.13 


109L109F 


1.11 


109L109Q 


1.08 


109L109A 


1.07 


109L109H 


1.06 


109L109V 


1.06 


109L109M 


1.00 


110G110S 


1.01 


112SH2N 


1.09 


112SU2E 


1.05 


113V113C 


1.06 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

; Pos WT/PosJVar. Prot. PI 



113V113N 


1.01 


114L114C 


1.10 


U4L114A 


1.03 


114L114M 


1.00 


115V115I 


1.14 


115V115C 


1.14 


115V115A 


1.11 


115V115M 


1.05 


115V115L 


1.02 


116T116N 


1.68 


116T116H 


1.48 


116T116G 


1.44 


116T116C 


130 


116TU6E 


129 


U6T116Q 


129 


116T116M 


12* 


116T116S 


124 


116T116Y 


1.09 


116TU6A 


1.08 


116T116R 


1.03 


116T116L 


1.03 


117Q117S 


1.13 


117Q117H 


1.12 


117Q117E 


1.10 


117Q117T 


1.06 


U7Q117A 


1.03 


118V118C 


1.28 


118V118A 


120 


U8V118I 


1.01 


119L119C 


1.18 


119L119A 


1.18 


119L119N 


1.14 


119 LI 191 


1.06 


119L119S 


1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wfld- 
Type 

Pos WT/Pos/Var.Prot PI 



119 LI 19V 


1.04 


119L119E 


1.04 


U9L119R 


1.00 


120T120S 


135 


120T120E 


1.19 


120T120C 


1.14 


120T120K 


1.12 


120T120N 


1.10 


120T120A 


1.09 


120T120H 


1.07 


120T120Q 


1.05 


120T120Y 


1.01 


120T120L 


1.00 


121S121N 


1.17 


121S121L 


1.12 


121S121A 


1.10 


121S121C 


1.09 


121S121G 


1.07 


121S121R 


1.06 


121S121K 


1.04 


121S121E 


1.01 


121S121Q 


1.01 


122A122N 


1.11 


122A122L 


1.07 


122A122P 


1.07 


122A122M 


1.06 


122A122V 


1.05 


122A122S 


1.05 


122A122E 


1.04 


122A122I 


1.04 


122A122Q 


1.02 


124G124M 


1.36 


124G124A 


1.20 


124G124N 


1.18 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar. Prot PI 



124G124C 


1.07 


124G124Q 


1.02 


125V125I 


1.05 


126G126N 


1.04 


126G126E 


1.02 


126G126A . 


1.02 


127T127A 


1.10 


127T127S 


1.08 


127T127V 


1.06 


127T127C 


1.04 


127T127G 


1.04 


127T127D 


1.03 


127T127E 


1.03 


127T127M 


1.02 


128T128N 


139 


128T128M 


128 


128T128Q 


134 


128T128A 


133 


128T128H 


1.19 


128T128P 


1.18 


128T128D 


1.14 


128T128K 


1.10 


128T128S 


1.07 


128T128V 


1.05 


128T128R 


1.03 


128T128F 


1.01 


129Y129F 


1.44 


129Y129C 


1.42 


129Y129A 


139 


129Y129D 


135 


129Y129M 


138 


129Y129N 


134 


129Y129L 


132 


129Y129P 


1.11 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosyVar.Prot PI 



129Y129G 


1.10 


129Y129S 


1.08 


129Y129W 


1.01 


129Y129V 


1.00 


130P130G 


1.11 


130P130E 


1.08 


130P13QK 


1.05 


130P130A 


1.03 


130P130M 


1.03 


133K133Q 


1.13 


133K133S 


1.02 


133K133A 


1.01 


133K133R 


1.01 


133K133E 


1.01 


135L135M 


1.01 


136V136L 


1.03 


138S138A 


1.44 


138S138C 


1.17 


138S138G 


1.09 


141P141A 


1.13 


141P141Q 


1.02 


142L142I 


1.05 


143A143G 


1.17 


145M145I 


1.16 


145M145L 


1.07 


147H147L 


1.09 


147H147C 


1.04 


149W149G 


139 


149W149A 


135 


149W149M 


132 


149W149S 


1.28 


149W149F 


1.27 


149W149Y 


1.15 


149W149Q 


1.10 
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Table 10-8. Sites with Protein 
PI Values Better Than Wild- 
Type 

Pos WT/PosJVar. ProL PI 



149W149L 


1.06 


150F150A 


1.70 


150F15OM 


1.69 


150F150N 


132 


150F150C 


1.41 


150F150P 


138 


150F150K 


133 


150F150E 


132 


150F150T 


127 


150F15OV 


126 


150F150W 


1.26 


150F150Y 


124 


150F150I 


1.19 


150F150L 


1.14 


150F150G 


1.13 


150F150H 


1.09 


151Q151K 


1.04 


153I153N 


1.04 


157G157A 


1.00 


159Q159E 


1.14 


159Q159A 


1.13 


159Q159G 


1.03 


161T161C 


1.01 


162T162C 


1.17 


162T162I 


1.16 


162T162H 


1.08 


162T162L 


1.05 


162T162F 


1.05 


162T162Y 


1.03 


164L164M 


1.09 


164L164V 


1.08 


165A165G 


1.14 


165A165Q 


1.05 


165A165S 


1.05 
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Table 10-8. Sites with Protein 
PI Values Better Than Wfld- 
Type 

Pos WT/PosyVar.Prot PI 



lUUIvlUUlVi 


1 -JlAj 


1 f\f\ P 1 fkffiC 
IOOXvIOOa. 


1 1Q 


lOOHlUOVJ 


1 1 10 
l.iy 


100 Kl OOIN 


1 iti 

I.IO 


100 Kl 001/ 


i i£ 

I.IO 


100K100A 


1 17 


lOOKlOOLf 


1 flfi 
l.UO 


1O0K1OO1 


1 Ad 


107 V10/Lf 


1.1 J 


10/ VlO/Il 


1 17 
1.1Z 


1tS7V1*570 


1 08 


1£*7V1 KTKA 
10/ VIO/M 


i Ad 


1A7V1 A7T 
10/ V lO/l 


1 Ad 


1*S7V167Q 
10/ V lO/O 


I apt 


10/ V iO/V/ 


1 01 


16RY16RF 
luo i Ivor 


1 78 

1 UrO 


i/y?Y1 fiRT 

lOO I lOOL 


1 77 


170A170C 


1.02 


171L171I 


1.16 


172A172C 


1.09 


172A172G 


1.07 


175M175Y 


1.35 


175M175L 


1.19 


175M175W 


1.14 


175M175N 


1.11 


175M175R 


1.02 


176K176R 


1.06 


176K176Q 


1.02 


178P178E 


1.05 


182A182C 


1.03 


183G183S 


1.08 


184S184B 


139 


184S184A 


131 


184S184M 


1.25 
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Table 10-8. Sites with Protein 
PI Values Better Than Wfld- 
Type 

Pos WT/PosWar. Prot. PI 



184S184G 


1 is 




1 is 


1R4S184C 


1 Id 


i CI RAO 


1 AO 


io*t oio*tn 


1 *T7 


1 RdQIftdM 


1JUL5 


10*t01o*tV 


i m 




IJUU* 


IRS VI ft ST 

1 OJ V 1 O Jl 


i m 

1JUD 


1ft£T1R£M 

I OO 1 1 OUXVl 


1 11 


1RRT1 ftRP 


7 Ad 


1 oo 1 1 ool 


1 ftS 


188T188L 


1:76 


188T188M 


1j60 


188T188V 


153 


188T188S 


132 


188T188R 


1.41 


188T188A 


1.40 


188T188G 


132 


188T188N 


1.24 


191V191C 


1.04 


194I194L 


132 


194I194C 


1.17 


194I194A 


1.15 


194I194W 


1.12 


194I194V 


1X3 


194I194Y 


1J01 


196F196L 


1.09 


201N201H 


1.49 
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The following Table provides variants that have a PAD PI that is greater than 1 .5, 
a PAF that is greater than or equal to 0.1, and a protein PI that is greater than or equal to 
0.1 



Table 10-9 
witfaP^ 
protei 


. PADPI>L5 
iF > 0.1 and 
iPI>0,l 


Wild- 
Type 
Amino 
Add/ 
Pos, 


Variant 

Amino Add 



Ml L 

K3 A,QH,I,L 

R4 A 

15 A,C,E,L 

L6 A 

C7 K 

T13 A,C 

C.E.aH.L, 

P18 Q,R,V,Y 

E20 C,Q 

D21 A.G.K.UY 

G22 A 

P24 L 

E26 L 

R27 A,K,L 

F28 D,L 

P30 T,V 

D31 L>N 

A,D,E,G,I,K, 

V32 L,M,N,Q,W 

R33 C,aK,L 

T35 A,C,I,M 



Wild- 
Type 
Amin o 
Add/ 

Pos- 



Table 10-9. PAD PI > 1.5 
with PAF > 0.1 and 
nrotehi PI > 0.1 



G36 

040 

Q41 

G43 

A44 

F46 

V48 

149 

E51 

L53 



N59 
D61 
N69 

S72 

P75 
S76 
180 



Variant 
Amino Add 



K 

D, G,K,S,T, 
W,Y 
A.K.L 

E, L 
C 

L 

A,C,L,M,P 

A 

A 

H 

A,C,D,E,F, 

G, K,L,Q,S, 
T.V.W.Y 
I,K,R 

H, I,K,V 
A,C,G,H,M, 
N 

D,G,K,S,T, 
W,Y 

D,E,G,M 
G 
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Table 10-9. PAD PI > 1.5 


with PAF> 0.1 and 


nroteinPI >0.1 


Wfld- 




Type 




Amino 




Add/ 


Variant 


Pos. 


Amino Acid 


H81 


M 


P83 


A.M 


D8S 


F,G 


L86 


C 


V87 


C,L 


B9 


A 


T96 


A,C,L»M 


A98 


D 


F100 


A.M 


R102 


A,L 


P104 


C,E,I,M 


L105 


C,F,W 


D106 


V 


I1Q7 


T 


G110 


E,L 


V115 


G 


Q117 


A,M 


V118 


Q 


T120 


E,I,Y 


S121 


A.C.V 


T128 


F, K, L> R, Y 




A,C,E,G,L> 


P132 


Q»S,Y 


K133 


L 


V134 


A,M 


V136 


A 


P140 


A 


P144 


H.Y 


P146 


C, F, H, L 


P148 


F 
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Table 10-9. PAD PI > 1.5 


with PAF> 0.1 and 


d rote 


nPI >CLl 






IVna 

lypc 




AmiflO 






VnHant 

T alUUU 


VQ$t 


A tntfiA A 




a c n p w 

j\f v*, c» n, 




K. P PS T Y 




w 




r, n, a* r, o, i 


CI CA 


V 




A T \/ XT P 




V 
z 






UlJ/ 


H 






ClJO 


Y 


TIM 


rVL O 




r F ft R T IT 




I^NLN P.O. 


pi 62 


S. W. Y 


El 63 


A.L. Y 


A165 


D,L,M 


R166 


A,D,H,L 




A,C,D,G,H, 






V167 


S.T.Y 


Y168 


F,L 


S169 


I 




A,C,F,K,M, 


L171 


N,Q,S 




A,C,E,F,I,K, 




L,M,P,R,V, 


S173 


W,Y 


F174 


A.L.M.Y 




A, D, E, G, K, 


P178 


L.MO.S.T. 
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Table 10-9. PAD PI > 1.5 


with PAF> 0.1 and 


nroteinPI >0.1 


iVlWl- 




Type 




Ammo 




A MA/ 


variant 




Amfivwh A Mil 




XT V- 


F179 


T 

L 


O190 


A,H,M 




A, C, D, E, F, 






v lyi 


V 
z 




b, V 


iiy/ 


M 




/-i T -*jf XT 11 

C, L, M, N, P, 




P w- V 
K, W, I 


A199 


C,K,L,Y 




A,C,E,F,G, 




H.I.L.M.S.T, 


R202 


W 


D203 


A,C,H,L»R 


G205 


A 




CE,F,G,H, 




K,L>M,N,P, 


V206 


R 


A209 


E.L 


E210 


D,K 


Q211 


M.N.P 




A,C,D,F,G,I, 




K,L>R,T,V, 


S214 


w, 


L21S 


E,M,T,V,Y 



324 



WO 2005/056782 



PCTAJS2004/040438 



GC821-2 

The following Table provides variants with a PAD PI that is less than 0.5, a PAF 
that is greater than or equal to 0.1, and a protein PI that is greater than or equal to 0.1. 



Table 10-10.. PAD FI< 05 with 

PAFXM. and Protein PIXM 


Wild-Type 
Kesid„e/p«, 


Amino Add 
Variantfri 


A2 


Y 


R4 


I.JU-V 


1$ 


$ 


L6 


te.T.V 


F8 




D10 


G 


L12, . 


A,C,F,G,K,Q,K, 
§i T. x 


WH 


B d T V T P Q 
r, 0, 1, K, L» K, U, 

TV 


015 


C.N 


P18 


s 


V\9 




G22 


K W 


A23 


G,R, 3. 


T25 


G,H,I,K,L>M,P, 
R,W 


E26 


Nf.s.T.W 


R27 


P.T.W 




r» 


A29 


T, V 


D5 


N.Q.V 




ST 


L38 


OS 


041 


s,v 


M2 


Q.S.T 


G43 


P.O. s-v 


D45 


R 55. T 


F46 hr ._. . 



Table 10-10. PAD PI < 0.5 with 
PAF >0.1. and Protein PI X)-1 


Wild-Type 


a » A • a 

Ammo Add 


DAT 


D 


V4? 


s 


riA 


r*K 


KQ 


v 


R51 


LV 


052 


H.L.S.V 


L22 


n TT T% 0 

E,G,K 1 R,S 


§?4 ■ 


F,G,I f K,L>R t T > 

YaW* I 


ASS 


LILT. V 


R5$ 


b.G.s,T 


T57 




T5S 


AM 


N59 


W.R 




P 


Dp? 


C,G,H,I,L»R,S, 

T.v.w 


T64 




D$5 






n no 


W 


E,F,G,L,N,P,Q, 
T.V.W 




A,C,E,F,G,H,M, 
NT P.O.R.S.T.Y 


No? 


Y 


G70 


C.T 


572 


W.Y 


Y73 


UK 


P75 
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mm* mm ^ a -m) £\ 

Table 10-10. 
PAF>0-1,^d 


PAD PI < 0.5 with 
d Protein PI >0.1 


Wfld-T^pe 
Resriuc/jPo?, 


Amino Acid 
Vananqp) 


S/o 


F. W. Y 


C77 


F.W.Y 


L78 


v r 

H 


A79 


/-* -m% XT » A* 'V T ^-v T> 

C.p.fl.M.N.Q.R 


T80 




H81 


R.Y 


L82 


G,fl,R,j3,T,v 1 w 


P83 


T.V 


L84 


A- T. V. W 


D85 


L.L.V.W 


L86 


H.3.T.V.W 


V87 


A,F,G,S.T.Y 


18? 


T, V 


189 


s 


M90 


S.T.V 


L91 


r.v 


X?3 


s.Y 


N?4 


H.L.T.V 


T?6 




K97 


GAL,P,Q,S,T, 
V.Y.. 


A98 


T 


Y99 


s.v 


F100 


E.K.W 


R101 


S,Q.V.W 


R102 


C.G 


H03 


A,C,F,G,H,LK, 

L,N,P,R,S,V,W, 

Y 


PW 


R.T 


L105 


V 


1107 


P.O 


L109 


A.p.g.F.p,LO._ 
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Table 10-10. 
PAF>Q,1, an 


PAD PK0.5 with 
d Protein PI XL1 


Wild-Type 
Resfdne/Pos, 


Amino Add 
Variants 




R.S.W 


G110 


O.S.T 


win 


G.H.R.S 


S112 


H.R.V.Y 


LI 14 


o 


T116 


y 


vm 


P.R.W 


LI 19 


C,D,B,F,G,H,I, 
N.R.S.T.V.W 


T120 




5121 


P 


AJ22 


D,E,F,G,H,K,R, 
S 


G123 


c 


G124 


A,H,I,M,Q,R,T, 
V.W 


V125 


E-R-W 


G126 


I.V.Y 


T127 


E,l,kQ 


VI Oft • 


A, D, G, K, L, M, 

© T \T TIT 


P130 


A, E» F, G, H, I» L, 
S.T.V.W 


A.131 


D.W.Y 


P132 


F.H.I.T.V 


K133 


A,C,G,H,LM,T, 
V 


L135 


F.Q.5.T.V 


V137 


s 


S13? 




P139 


s 


P140 


s 


P141 


G.LQ.R.3.T.V 
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Table 10-10. 
PAF>0,l,aii 


PAD PI < 0.5 with 
d Protein P|>0,1 


Wild-Type 
J*es||dae/Pw. 


Amino Add 

Variants 


L142 


0.S.Y 


A143 


fi.P.W 


M145 


E.O.W 




A,C,F,G,I,M,Q, 
S,T 


FI50 


Q.NiP.W 


ei« 


F.RiY 




\ 


0157 


*,S.Y , 




A.C.P 




Q 


mi 


G,fl.fcW 


E1G3 


F.R 




tUY 




f,S 


A172 


Q.V 


F174 


C.Q.W 


R79 


Q.S 


<?1PP 


S.Y.W 


Yl?l 


G.HJ. N.&W 


Q193 


C.H.T 


im 


AC.G.S 


F196 


G.O.W 


T197 


R 


N201 


Q,H,L,R,S,T,V, 
V 


D203 


V 


L2Q8 


Q.S.V.Y 


Y2I2 


0 


Ul? 


A,CG,K»P.R 


L216 


G.I.T 
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In addition to the assay results described above, various mutations woe found to 
result in unstable protein such that perhydrolase protein was not expressed. Thus, in 
contrast to the substitutions that resulted in enhanced expression as compared to wild- 
type, there were some substitutions that are not as favorable, at least under the conditions 
used herein. However, it is not intended that die present invention exclude these 
substitutions, as it is contemplated that these substitutions, taken alone or in combination 
will find use in alternative embodiments of the present invention. 



Table 1 
Produt 


0-11. Mutations tiiat 
:ed Unstable Protein 


WOd- 
Type/Fw. 


Variant Amino Acid 


Ml 


A,E,F,G,K,N,P,R, 
S.T.W 




W 


C7 


LP-T.W • 


G? 


A.C.E.K.L.P.O.R.V 


n? 


F.&W 






PI8 


A 


m 


V 


F28 




R33 




W34 




T3? 


K.L.P.W.Y 


G3G 


P 


V37 




W 


W 


A3? 


F 


L42 




A44 


t>.H,P 




n 



Table! 
Prodq< 


0-11. Mutations that 
•ed Unstable Protein 


wnd- 

Type/Pos. 


Variant Amino Add 


V48 


w 


EH 


p 


R56 


H.K.P.W.Y 


TC7 


W 


1*58 


E.G,K,p,^W.y 


L74 


D,H,p,Q,fcT 


C77 


N.P 


1,78 


A,P,JL.S 


A79 


V 


L86 


F 


188 




18? 


D,R 


[ft 


ft^p.fcW.Y 


G92 


A,D,L,M,P,R,T,W, 
Y 


T93 


P.R.V.W 




A, D, G, H, K, L, N, Q, 


K97 


D 


PJP4 


A,L 
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Table 10-11. Mutations that 
Produced Unstable Protein 


Wfld- 
Tvpe/Pos. 


Variant Amino Acid 


L105 


AM 


1107 


H. W 


A 108 


D.F.H.LN.P.R i 


G110 


L 


LI 14 


F.K.R.W.Y 


VI 15 


H.K. 


VI 34 


D.K.R.W.Y 


VI 36 


W 


VI 37 


D.E.F.P.R.W 


S138 


E.F.RLEO.R.W.Y 


P13? 


L.W.Y 


P140 


D-K-LM 


L142. 


D,G,M,N.H.T 


HH7 


G 


FJ54 


E.JL.P. 


T161 


D.R.P 


Y168 




L171 


D 


F179 


A.P.R 


FJ?Q 




D181 


F.ff,I.M.M 


A182 


fl,K,kM,W.Y 


1186 


l^W.Y 


X188 


D.K.P.O.W 


F196 





The following Table provides performance indices obtained in PAF and PAD 
5 assays for various variants, as well as the protein performance index. 
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Table 11 


M2. Performance Indices 
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» 


1.00 


1j00 


. 1,00 


P24 


0. 


0.50 


0.65 


0.93 


P24 


R_. 


0,58 


0,91 


. . 0.85 


P24 


S 


0.5? 


0.61 


1.31 


P24 


r 


0.44 


._J>.« 


1.43 


J75 


A 


... 1,3? 


0,86 




175 


C 


0.67 


0,51 


U7 


T25 


D 


0.03 


-0,07 


0,87 


125 


b_ 


0.08 


, -0,2? 


0M 


175 




...1,86 


0,43 


1.27 


175 


a 


0.42 


•0.02 


0.94 


175 




1.02 


0,35 


1.19 


R5 




0^ 


0.13 


0.87 


175 




0.40 


•OJH 


0*5 


173 


M 


0.2? 


41.10 


1.04 




> 


0,97 


-OJ05 


MO 


125 




0.32 


-0,06 


0.94 


175 


s 


1.60 


0.58 


_ 0,95 



WO 2005/056782 



PCTAIS2004/040438 



GC821-2 



Table 10-12. Performs 


nee In<! 


ices 


Wild-Type 
Ra/ ■ 




PAF 
PI 


PAD 
PI . 


Prot» 

n 


TV 


r 


1.00 


1.00 


1.00 


T25 


Y 


0.91 


0.51 


UP 




W 


033 


0.14 


0.86. 


E26 


A.- 


1.93 


1.45 


0.79 


m 


e 


• 1.40 


o,?4 


0.82 


E26 




0.65 


139 


0.90 


E26 Ib 


1.00 


l.oO 


IJW 






1.28 


Q,?7 


M? 




a . 


133 


1.19 


0,7)1 




K , 


1.46 


1.47 


9.77 


m 


U_. . 


1.30 


. .171 


0.77 


m 


M..., 


2.00 


1.10 


0,8? 


m 


N. 


137 


0.48 


0.88 


vti 


p 


0.43 


0,9? 


o.» 




R 


1.48 


0.81 


0.T7 


m 


s 


1.27 


i 0.28 


m 


E26 


r. 


1.44 


0,40 


. 0.82 


m ■ 


V. 


1.39 


! 0.97 


0,8? 




w ... 


1.25 


0,47 


0,68 


R27 




0.45 


2,7? 


0,67 


R?7 . 


c . 


0,35 


0.58 


030 


$27 


E 


0.58 


0.93 


0.46 


R27 


0 


0.42 


i\ OA 

0.84 


0-24 


R27 




0,7? 


1.41 


0.70 


R27 




1.22 


1.55 


0,69 


R27 


L 


0.48 


2.60 


0,51 


IW7 


> 


0.?3 


0,48 


0,46 


R27 


ft 


1.00 


1.00 


J.Q0 


R27 


s 


0.53 


0.69 


0.56 


R27 


T 


0.41 


0.01 


0.74 


R27 


v 


0.71 


0.94 


0.85 


R27 


W 


0.21 




WP 


re* 




U7 


1.48 


0.92 




C 


0r?3 


1A1 


0,87 


res 


D 


O.CT 


2.07 


0.40 


F?8 


E 


0,51 


1.04 


m 



Table H 


H2. P« 


rformancehdieM 


Wild-Type 
Resi 


Mat 


PAF 
PI 


PAD 
PI 


rrvu 
PI 




E_ 


1.00 


IM 


1.00 


£ — 


a 


0.74 


-\s% 


050 


FZ8 


«... . 


-0.20 


-0.19 


-001 


F28 


[ 


-0.20 




-O A1 


P28 




1.09 


uai 


051 


F28 


M 


133 


137 


0.70 


=2? 


p 


0.02 


039 


042 


f?8 


R 


-0.20 


-019 


-0 01 


F28 


S . 


1.05 


070 


0 82 


m 


V 


0 86 


053 


0 85 


m 


w,. . 


1.18 


1-11 


0.89 


res 


y. . 


. 0.99 


136 


077 


A2? 


A 


1.00 


1JX 


100 


A2? 


c 


1.08 


1.15 


0.76 


A2? 


P.. 


0.87 


1D0 


1.06 


A2? 


6.. . 


1.12 


0.84 


1.02 


A2? 


G 


1.60 


OJBO 


1.22 


A29 


M 


0.67 


0.77 


1.06 


A29 




0.78 


0j62 


1.07 


A29 k 


1.76 


0.7? 


0.81 


A29 


s 


1.49 


0,55 


1.05 


A29 


I 


1.42 


.047 


1.02 


A29 


Y 


1.80 


P.44 


1.05 


A29 


W 


1.91 


0.74 


0,82 


A29 


Y 


1.70 


0.59 


0,96 


P30 


A 


1.0$ 


0.92 


1.15 


P30 




1.01 


■ 1^4 


1,20 




G 


0.90 


MP 


0.99 


P30 


a 


1,01 


1.0? 


1.05 


P3P 


i 


0.97 


\39 


0.95 


P30 


K 


IM 


1J9 


1.0$ 




L 


0.96 


1.17 


1.07 


P30 


M 


0.96 


0.7? 


0.94 


P30 


P 


1.00 


14» 


1.P0 




0 


1.01 


QSl 


1.06 


P30 




1.16 


IM 


0.94 



335 
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Table J 


0-12. Performance Indices 


WTld-Type 
I KesJ 

K 9h 




PAF 

n 


PAD 
PI 


Prot 

n 




s 


1.03 


ms 


1.12 


Pin 


r 


IrQJ 


1.64 


1,00 


3U 


V 




1.7-1 


0,?9 


30 


X" 


P.7S 


Ml 


1,04 


D31 


A, ■ 




1.18 


0.80 


• 331 


P 




1,00 


1.00 




E 


1.13 


0,88 


0.93 


P3t 


F 


1.44 


\39 


0.65 


PJ1 




1.44 


1.16 


0.79 


P3J 


U. 


1,8 


1.61 


0.65 


P3J 




134 


1.55 


0,62 


P31 


0 , 


1,07 


1.13 


0,74 


P?l 




. >fl 


1.49 


9.50 




5 


I.U 


1.23 


0,55 


331 


r 


1.45 


1.11 


0,76 


?3l 


V 1.28 


1,08 


0,50 


£1 


W 


1,83 


U4 


P.6Q 


2lSa 




0.43 


3.64 


1,10 


XJA 


P 


0.45 


4.1? 


. 0.95 


JL2A 


E 1 


0,57 


3=92 


1.00 




<? 


0,58 


2,65 


0,98 


2-dA 


I 


04>1 


3.51 


1.08 


V32 


K 


1,09 


4.73 


0.75 


V32 


L 


0-?6 


4.72 


1,01 


V32 


Mt 


0.64 


3.41 


1.11 


V32 


N 


054 


1.61 


0,9? 


V32 


> 


0.01 


-1.17 


0.31 


V32- 


0 


0,64 


1.74 


1.03 


V32 


R, 


1.Q5 


0,72 


051 


V32 


5 


0,77 


1.09 


0.85 


V32 


V 


l,op 


1.00 


1.00 


V32 


w 


0,94 


1.71 


0.70 


R33 




0,20 


U2 


o,52 


R33 


c 


0.44 


1.73 


0.95 


R33 


D 


-0,16 


-0,30 


-•0,02, 


k33 


7 


-0,16 


-030 


d.Q2 



Table 1 




erformance Im 




Wild-Type 
Res7 




PAF 
PI 


PAD 
— IX 


Prot 
PI 


W3 


G 


O.64 


2.63 


O.47 




H 


-0.16 




--0.02 


« 




0.85 


2,72 


0,81 


R33 1, 


034 




0.74 


R33 M 


0.90 


i3o 




R33 


P 


-0.16 


-030 


-O.02 




& 


1.00 


1j00 


— US, 


R33 


5 


1.00 


1j01 


0.79 


W? 


Y 


05^ 


0.94 


_P,8? 


R?3 


W 


-0.16 


-03C 


-0.02 


W34 


\ 


-0.15 


I.99 


0.41 


W34 


CL 


-0.1S 


M9 


0.52 


W34 


E, 


-0.15 


-lJifi 


0.17 


W34 


Q 


0.12 


(L88 


0.23 


W34 


1 


0.18 


0.94 


0.75 


W34 




-0,15 


-0.15 


-0.0? 


W34 


M 


0.16 


1.22 


0.91 


W34 


P 


-0.15 


Ul 


0.26 


W34 


P_ 


0.92 


-JVM 


0.25 


W34 


R , 


0.22 




0.16 


W34 


5_ 


0.47 


0.08 


A AA 

0-29 


W34 


r.. 


036 


0.15 


0.29 


W34 


V 


0J?4 


0.73 


P.71 


W34 


if 


1.00 


1.00 


1.Q0 


135 


A 


0.45 


3.85 


0.98 


D5 


c 


0,55 


4.72 


1.16 


135 




030 


5.73 


0.26 


F35 1 




0.63 


5,38 


0,45 


D5 




-0.13 


•054 


-0.P1 


J35 


L 


-0.13 


-054 


-0,01 


JTC5 


M 


0,17 


2,72 


0.40 


JC35 


N 


0.20 


-239 


0.43 


I?5 


P 


-0.13 


-054 


-0.01 


r?5 


0 


0.57 


-2JP7 


052 


TO 




0.18 


•1134 


0.23 


R5 


r 


LQo 


iJPOi 1,00 
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Tabic 10-12. P< 


srforma 


mcelnd 


ices 


Wild-Type 
ResJ 
• yw» 




PAF 
PI .. 


PAD 
PI 


Prot 

n .. 


■pic 


Y i 


0,71 


034 


0.81 


Hp 


n; 

a — 


-0.13 


-0.54 


-0,01 





X 


-0.13 


-0.54 


-0,01 


Q3fi_ 


A 


0.63 


1,07 


1.00 






Q33 


1.W 


1.09 


G36 




•0.12 


2.50 1 


0.28 


G2fi 




-0.12 


-0.10 


-0.02 




rr 

H 


0.73 


1.19 


0.98 




r 
i 


13? 


1.81 


0,31 


G36 


K- 


1.27 


1.71 


0.84 




r 

L , 


U4 


2.49 


0.39 


wfi - 


M 


0.85 


0.54 


0.85 


G36 


N 


0.49 


0.56 


1.08 


□36 


n 


•0.12 


-0.10 


-0.02 


G36 


B_ ._ 


0.56 


0.71 


1,07 


U30_. 




0.99 


0.90 


0.85 




s 


P,7« 


0.26 


1,06 


536 


r 


0,76 


033 


0.83 


036 


V 


0.95 


•0.38 


0.42 


G36 


w 


0.91 


0.68 


0.57 


Y37 


A 


1.25 


2.00 


0.63 


Y37 


c 


1.09 


1.63 


0.68 


Y37 


n 


1.21 


0.96 


0.78 


Y37 


i .... 


1.26 


1.04 


0.77 


V37 


Ik 


1,16 


1.16 


0.71 


V37 


N 


0.90 


1.52 


1.09 


Y37 


P 


0.5? 


2.10 


0.7? 


Y37 


0, ,., 


■0.11 


-0.14 


-0.02 


Y37 


k .. 


-0.11 


•0.14 


-0,02 


Y37 


s 


1.40 


1.49 


0.81 


V37- 


r 


1.05 


0,8> 


0.63 


Y37 


V 


0.1123 
9 


0.1441 
2 


-0.02 


Y37 




m 


. 0,98 


0.62 


138 




0,5? 


., 0,6? 


0.78 



PCT/US2004/040438 



Table 1( 


1-12. P< 




ncelnjl 


Ikes 


Wild-Type 
RctV 

Pos. 


Mot 


PAF 

n 


PAD 
PI 


Prot. 
. H 


L38 


C , 


0.64 


_ 0,72 


.0.8? 




D 


..-0.15 


0.1? 


-0.24 


m 


E 


-0.15 


-0,61 


-J3M 


L38 


<a 


. • 0.1S 


..-0.72 


__032 


L38 




0.63 


. -<Mt 


0.16 






Iff) 


_ J.0Q 


J.W 






-0.15 


.-0.7S 


0.28 






..-0.15 


-0,02 


_ 047 


bs 




-0.15 


_.-0.?6 


P34 


W8 


s 


. 038 


_JW? 


0,48 




V 


0.88 


1.12 


0.73 




w 


-0.15 


-o.il 


-0,02 


A3? 


A 


1.00 


. 1.00 


1,00 


A39 


c 


0.63 


0,92 


030 


A39 


R ., 


1,09 


0.83 


1^3 


A3? 


F 


•0.17 


-0,11 


■QM 


A3? 


a 


1.17 


030 


0,92 


A3? 


I 


1,26 


0,71 


0.91 


A39 




136 


0,96 


0.90 


A39 


L 


1.4? 


0,97 


0.93 


A3? 


ML 


03? 


0.81 


0.46 


A3? 


H_ 


931 


0,43 


P.45 


A39 


P ... 


.9.68 


0.74 


0.45 


A3? 


R. .. 


1.17 


0.64 


0.94 


A?? 


9 .. 


0.49 


-*31 


0.16 


A3? 


T .„ 


126 


0.79 


0.92 


A3? 


Y . 


lr21 


0,98 




A3? 


W..„ 


1.23 


1.02 


0.94 


A3? 


Y 


1^6 


1.13 


0.90 


040 


D. 


1.16 


1.59 


0,69 


040 


E .. 


1.08 


128 


0,81 


O40 


G 


1.79 


2.17 


0.93 


Q40 


L 


238 


1,10 


0.49 


040 




2,61 


3,64 


Q32 


040 


L - 


2.14 


1,4? 


033 


040 


N 


133 


1.00 


0.78 
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Table 1< 


M2. Performance Indices 


WM-Type 
Bc&J 
JTMi 


MPt, 


PAF 

PJ 


PAD 

n 




Q40 


P 


0,45 


-0,19 


.. 0,24 


040 


0 


1,00 


1,00 


1.00 


040 


& 


1,8? 


1.4? 


0.61 


CMP 


S 


IJ7 


1.6? 


0.87 


O40 


r 


2,01 


1.81 


0.75 


O40 


w 


2,39 


2-59 


0.54 


CW 


y ■ 


l.«3 


2.02 


0.65 


041 


A 


1,03 


2,58 


0.73 


-041 




0.97 


1.09 


0.77 


041 


H 


1.12 


1.14 


0.89 


041 


K 


1.38 


1.61 


0.70 


041 




1.00 


1,92 


0.79 


041 


p 


0,21 


0,66 


0.45 


041 


0 


1,00 


J, 00 


1.00 


041 




1.19 


1.27 


0.74 


041 


s 


i.n 


0.22 


0.92 


041 


V 


1.07 


-0.05 


0.90 


041 




1.14 


0.88 


0.71 


041 , 


y 


1.09 


0.70 


0.82 


L42 


c 


0.76 


1.43 


0.68 


r a*% 

LA2 


1? 


-0.14 


-0.17 


-0.02 


r a*\ 


r 


1.07 


1.02 


0.48 


r At 


G 


1.17 


0.76 


0,50 


M2 


a 


1.92 


-0,33 


0.15 


IA% 


i 


0.97 


0.66 


0.83 


L42 




2,46 


1.41 


0.13 


W2 




1.00 


1,00 


1.00 


W2 




0.78 


0.74 


. 0,95 


M2 




0.71 


1.34 


0-23 


M? 


0 


0,57 


0.28 


0.40 






138 


0,64 


0.15 




s 


0.97 


0.45 


0.46 


L42 


X 


1.08 


-0.04 


. 0.41 


M2 


Y 


0.91 


0.73 


.0,74 


M2 


W, 


2.06 


-0.70 


. 0.14 


04? 


A 


1.49 


1.071 


--P.45 
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Table 10-12. Pi 


^rformaneefnc 




WDd-Type 
ResJ 


JMflt, 


PAF 

n 


FAD 

n 


Prot 
fl 


943 




1.48 


0.73 


-.0,36 


343 


e 


1.25 


1.88 


o.« 


043 


Q 


1.00 


IjOO 


—LOO 


043 




1.17 


0.96 


.. 0,63 


54? k 


0.94 


0l77 


.. 0.43 


G43 DC 


1.4? 


0.86 


_&« 


043 




1^ 


L82 


.0.42 


G43 




137 1 


0.88 


. 058 


G43 


> 


1.08 


0.31 


.0.65 


543 


0... 


0.91 


0>48 


-J0.63 


G43 


1 


1.22 


039 




043 


s 


1.18 


<L23 


. 0.79 


G43 




0.93 


OS3 


. .0.44 


G43 


Y. 


1.26 


0.94 


-.0,36 


A44 




1.00 


IjOO 


1.W 


AAA 




1.80 


1.92 


.. 0.46 




D 


-0.17 


-0.11 


-0.01 


A44 


R 


* -0,17 


0.0? 


0,10 


A44 


p 


Z.W 


0.80 


0,99 


<VM 


H 


-0.17 


-0.11 


' -0.01 


AAA 




Lffil 


0.99, 


0-87 


A44 


M 


1.29 


0.98 


0.71 


A44 


> 


-0,17 


-0.11 




A44 


ft 




-2,17 


0.08 


AAA 


s ,_ 


0.52 


-0.92 


0.16 


A44 


r._ 


0.30 


1.11 


0.14 


A44 


V 




0.50 


0,94 


A44 




1.40 


0.85 


.0.61 


A44 


Y 


0.30 


-0,23 


0.10 


P45 




IM 


0.84 


P.99 


D45 




0,« 


0*f 


0,48 


D45 




11,00 


WO 


1,00 


b45 If 


- 1.11 


1W 


O/* 


D45 


c? 


1.13 


084 


0,94 






1.13 


_QJ8. 


0.70 


P45 


EL 


134 


087 


0.W 
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Table 10-12. Performs 


ncelnc 


ices 


Wild-Type 

Ks&f 

Pos. 


Mat 


PAP 
PI 


PAD 

n 


Prot 
PI 


D45 


r 


1.05 


0.78 


0.55 


D45 


M 


0.86 


0.78 


0.88 




p 


0 7^ 


0,53 


Q.72 


rY4C 


n 


1 fU 


0.57 


0.81 




sL 


1 1£ 

1.1V 


0.49 


9.7? 


- 




1 14 

— 


0,38 


9,95 


rvi*; 


T 


1 77 


0.44 


S>M 




V 


i n< 


,.0.50 


P.7Q 




w 


i i< 


.-P.58 


0.54 


49 


A 

o> 


A 07 


lr25 


1.05 


cm/: 


n 


A (M 


Uf 


1.01 




n 


1 17 


1,3? 


...0,54 




p 


1 7< 


Ul 


0.38 


VAJZ 

taa 


p 


i no 


l.OO 


1.00 






1 A7 


0,94^ 


P.tt 




** 


•W.I J 


-0.13 


-0.01 


IF46 


r 


0.90 


0.88 


Q.n 




K 


l 00 


1.46 


0.48 




r 


0.78 


1.54 


0.74 




M ' 


0 78 


1.42 


0.81 




P 


0.64 


1.50 


0.26 


F4$ 


s 


0.73 


0.66 


0,7? 




T 


0.86 


0.43 


0.79 


^46 


Y 


0.82 


0.79 


0.89 


F46 


W 


0.94 


0.63 


0,91 


E47 


A 


0.95 


0.76 


0.84 


547 


c 


0.83 


0.77 


0^9 


B47 


P 


0.9? 


0.98 


0.97 


B47 


E 


l.OO 


1.O0 


1X0 


E47 


F 


1.09 


0.76 


0.96 


E47 


G 


1.20 


UP 


0.76 


E47 


H 


1.27 


9.99 


0,93 


647 


I 


1.03 


...U? 


1.02 


547 




U9 


1.06 


0.89 


B47 




J,W 


1.02 




B47 


M .. 


0,90 


0.7P 


_P.S4 



Table 1( 


HU, P< 


jrformanee Indtees 


Wild-Type 
Ret/ 
Pos. 




Dip 
pT 


Bin 

FAD 
PT 


Prot 

— ri 


B47 


N 


0 Q1 




A OO 

— 2*22 


S47 


p 




0.3G 


A >IA 


E47 


R 




A C\ 

0.62 


A 4f 


E47 


s 




A £.1 

O.w 


QJft 


647 


r 


1 IVT 


A OA 

0.84 


0.2S 


V48 




- P.GP 


1.63 


— 9*47 


V48 


C 






0.S1 


Y48 


E 


A A*l 


A AA 


A tA 

— 0-18 


V48 


F 


0.W 




0^7 


V48 


0 


. 0.61 


_JM*7 


. 02? 


Y48 


b 


A At 


232 


(LSI 


Y48 


M 


A OC 


* «9A 

1.72 


A T1 


V48 


U 




A AO 




V48 


f ... 


A 11 


4 AO 

. 3.09 


, 0^4 


V48 


0 


A 1A 
0.19 


1 4A 

-.MX 




Y4S 


R 


0.7C 


-I.J7 


A 1 C 


V48 


s 


l/.DJ 


A AO 


A AA 


Y48 


V 


i nn 

l.UU 


l.UU 


1 AA 


V48 




A 1C 


n in 


A A7 


14? 




A on 


f 91 


A %% 


14? 




1.02 


0.88 


0.75 


149 


G 




i.i? 


0^8 


M? 


B 


1.27 


0.74 


0.77 


149 


I, 


1.0P 


1.00 


1.00 


149 


k 


1.23 




0.7? 


149 


L 


1.14 


1,03 


0.93 


H? 


M 


1.01 


1.02 


O.W 


14? 


p 


0.47 


0,16 


02? 


14? 


& 


1.05 


0,29 


0^ 


149 


s 


U4 


0,7? 


0.70 


W 


V 


1,20 


0,?7 


0.?4 


149 




0.70 


0,« 


0.64 


14? 


Y 


1.07 


1.02 


0.82 


150 


A, 


1.12 


1,23. 


0.5? 


550 


R 


0.78 


1^2 


0.80 


E50 


B 


1.00 


1,00 


_JLfiQ 



339 



WO 2005/056782 



GC821-2 



Table 10-12, Performs 


incelnd 




wua-iype 
Pos. 


Mat 


PAP 

Pi 


PAD 
PI 


Prot 

pi 


E50 


G 


093 


Ml 


0.60 


ESQ 


t 


0 84 


0.58 


0.67 


E50 


L 


1.19 


0,97 


QA\ 


E50 


M 


1 18 


1.04 


0.38 


F50 


p 


0 85 


1.02 


0.71 


p<n 


r\ 


ft Oft 


0,91 


0.70 


E50 


D 


046 


-0.77 


0.20 


E50 


C 


0 87 


O.tf 


0.76 




v 


1 ftfl 


. 0r43 


0M 


E50 


Of 


ft 7^ 


. .0,14 


0.19 


RSI 


A 


1 28 


2,72 


P.74 


ESI 


D 


0.66 


. m 


AM 


E51 


E 


1 00 


1.0ft 


1.00 


E51 


G 


1 22 


1.34 




ESI 


[ 


1.07 


0.04 


032 


ESI 


K 


0.38 


2,00 


0,36 


E51 


L • 


1.11 


* 0.93 


0,57 


E51 


M 


0.40 


lr20 


0,84 


ESI 1 


P 


-0.12 


-0.39 


-0.02 


E51 


O 


" 0.98 


0,7* 


m 


E51 


R 


0J5 


-0,97 


Q& 


E51 


T 


U* 


1,17 


0,48 


E51 


V 


M7 


0.37 


0.70 


ESI 


w 


0.44 


0.17 


0.22 


G52 


A 


, 034 


0,79 


0,90 


G52 


E 




0.55 


0.41 


G52 


F 




-0,08 


0.52 


G52 


G 


1.00 


1.00 


hoc 


on 


H 


0.18 


-0.60 


0.4? 


G52 


i 


0,10 


0.07 


O^Q 


G52 


L 


0.17 


0.24 


038 


G52 


M 


0.05 


-0.64 


036 


G52 


? 


-0.12 


0.24 


0.76 


G52 


0 


-0.12 


0.28 


032 


G52 


ft 


.0.12 


03? 


0.18 


G52 


s 


0.13 


•0.18 


0,83 
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Table 10-12. P« 


srforms 


nee Indices 


Wild-lype 

Dm/ 

Pos. 


Mot 


PAF 

n 


PI 


ITOL 
PI 


G52 


r 




-0.17 


076 


G52 


v 




-016 


0 86 


G52 


w 


0.92 


2>*7 


0 n 


LS3 


D 


0.01 


OjOI 


ft TJ 


\<% 


p 


. 0,88 


ft 10 


ft 77 


X TO 


r» 




n xx 


n ftft 


r to 


tj 


.5.05 


Iff] 


ft 77 


L2 


r 


MS 


A fJL 


ft ftft 


r to 




0.89 


t\OA 


ft 7ft 


r to 




1.00 


1 ftft 


1 ftft 




p 


-o.n 




ft A7 


r to 


n ■ 


. J.48 


n 79 


ft ftO 


r to 


D 


.ft?0 


jxrn 


ft f»f\ 


r to 


Q 


1.16 


ft 7U 


ft o< 


L53 


r 


1.02 


084 


0 75 


L53 


v 


03? 


OiSS 


0 88 


L53 


w 


0.02 


-007 


077 


SS4 


A 


3,46 


141 


1.33 


S54 


c 


U6 


0.88 


1.21 


S54 


D 


-0.17 


0.65 


1.08 


S54 


E ' 


-0.17 


0r30 


1.16 


S54 


F 


,0,24 


■0.M 


_C?1 


S54 


BL_ 


1.43 


. 0.12 


_ 0,?3 


S?4 


3 


-0.17 


Q.QQ 


.. i.06 


S?4 


I 


4.78 


0.12 


.. 0.94 


$54 




1.44 


0,08 


0.78 


$54 




2.02 


0,26 


0.5? 


S54 


M 


0.01 


0.48 


1.01 


S54 


K 


Q29 


1.29 


1.01 


S54 


P 


5.20 


130 


0.98 


S54 


0 


1.03 


0.53 


0.99 


$54 


R 


3,3? 


0,35 


0.84 


S54 


s 


1.00 


IM 


1,00 


S54 


r 


1.46 




0.88 


SS4 


V 


4.72 


029 


0.95 


$54 


w 


o.ll 


■Off! 


0.83 
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Table 11 


H2, P< 


erfonns 


nee In<! 




Wild-Type 
Ret/ 
Pos. 




PAF 
PI 


PAD 

nt 


Prot. 
—EL 


554 


Y 


037 


0.12 


0.8? 


to? 


A 




-0,1? 


•Ml 


A55 


C 


0.14 


1.2* 


0.98 


A55 


0 


1.69 


0.73 


0,9? 


A55 





0.04 


0.92 




A55 




0r34 


-0,43 


., 0.W 


A55 


& 


0.52 


1.08 


0.68 


A55 


I 


.-P.ll 


. 0 f ?7 


0.81 


A55 




0.34 


1.05 


1.12 


A55 


p 


-0.11 


-0.01 


0.84 


A55 


R 


0.5tf 


0,25 


on 


A55 


s 


0.76 


0,87 


\m 


A5S 







0.42 




A55 




0.49 


-0,51 


0.96 


A55 


w 


0.00 


-O.05 


0,88 


A55 


y 


0.00 


o.l? 


0,94 




A. 


0,2? 


0.<59 


0.85 


R56 


C 


0.45 


-0.02 


0,93 


R56 


E 


-0.12 


-0.04 


0.16 


*56 




0.30 


-0.59 


0,56 


W6 


r 

B 




-0.37 


-0.02 


we 




-0,12 


-0,37 


-0.02 




h 


0.05 


0.24 


0,87 


RS6 


N 


0.18 


0.27 


0.31 


R56 


P 




-0.37 


-0.02 


R56 


0 


0.01 


-O.01 


1,02 


R56 


R 


1,00 


lr00 


1.09 




s 


0,3? 


0.12 


0,55 




J. 


- 0.10 


-037 


—0,85 


R56 


w 


-0.12 


-0,37 


-0.02 




y 


-0,1? 


-037 


-0,02 


T57 


A 


0.60 


0.65 


0,59 


T57 


c 


0.60 


0.40 


0.85 


T57 


G 


• 0.92 


1.05 


0,53 


T57 


H 


o,?3 


0.61 


_JW3 


r?7 




UP 


0 f *7 


0.65 
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TflbJeM 


WL2. Performance Tm 




WDd-Type 
ResJ 
P«t . 


Mot 


PAF 
PI 


PAD 
PI 


Prot. 

pi 




L 


0.63 


0.76 


0.95 




N 


0.89 


0.25 


0,6? 


rs7 


P 


033 


-0.81 


-0.13 


TT57 


R 


1.61 


-0.66 


. 0.14 


T57 


s 


1163 


IjOI 


0.88 


r?7 


T 


1.00 


IjQO 


.1.00 


r57 


V 


1.28 


oin 


-0.84 


rs7 


W 


-0.08 


-OH 


-0.01 


r57 


Y 


0.52 


05! 


0*43 


rss 


A 


0.65 


031 


_fi.76 


rs? .. „ . 


E 


-0.19 


-OH 


.t0.02 


r?8 


0 


-0.19 


-O.H 


-0.02 


178 


H 


089 


1 4* 


0.74 


r5? 


K 


-0.19 


-O.H 


_^.07 


158 


L 


. 0.88 


1.13 


_0.78 


rss 


M 


0.56 


0.0S 


_0.50 




P* 


-0.19 


-O.H 


-0,02 


T58 


R 


-0.19 


-O.ll 


-O.02 


T58 


S 


0.82 


0.96 


0.90 


TSS 


T 


1.00 


1.91 


. 1.00 


rss 


V 


0.S6 


0,9fi 


1.13 


m 


W_ 


.=0.1? 


-0.10 


..-0.02 


r58 


X_. 


.4.19 


..-0.W 


..•0.02. 


N59 


A 


0.35 


10.44 


. 0.73 


W9, 


c 


0.40 


11.23 


0.7? 


KT59 


D 


0.52 


11.77 


0,67 


N59 


E 


0.66 


9.88 


0,38 


K59 


t. 


. .0.82 


1053 


9.57 




G 


0,88 


10.W 


. m 


N5? 


K ■ 


0.89 


851 


0,31 


NS9 


I- 


0-88 


14M 


.0.32 


N59 


M ,. 


0.42 


-1,43 


0.72 


N59 


N 


1.00 


1.W 


1.Q0 


NT59 


P 


0.12 


-55.11 


Q.J4 


N5? 


0 


1.P2 


1.W 


0.73 


N5? 


R 


1.P? 


-JIM 


0,39 
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Table |< 


M2. P. 


a-formance Inc 


ices 


wad-Type 

Re&J 

— ris^j — 




PAF 
PI 


PAD 
PI 


Prot 

PT 

Ea 




c 

o 


1.06 


7,3? 


n ha 




T 

1 


lr 07 


5,6? 


A <£ 
VtPP 




Y 


0,81 


. ?.97 


A CiC 

O.Vo 


VTCrt 

S59 . 


W 


lil? 


12,80 


a cn 
0.59 


tf59 


X | 


0.80 


U.M 


A £.% 

0.61 


?60 ... 




o r 81 


0r79 


1.20 




C 


0.69 


Q.67 


0,97 


160 


D 


0,83 


0.66 


0r56 


(60 • 




0.87 


0,9? 


0.83 


J60_ 


G 


1,00 


1.04 


0.86 


160 




1,0? 


1.07 


0.96 


160 


[ 


1,00 


1.00 


1.00 






0,99 


0.96 


0.73 


160 


L 


0.9^ 


0.91 


1.02 


160 


M 


0,96 


0.6? 


1.14 


160 




0.23 


0J2 


A 4 4 


T^A 


R 


1,00 


0 f 8J 


A TO 


T^A 
160 


S 


0.78 


1.00 


A AO 

0,9? 


ixa 


it 
V 


0,87 


1.06 


l.OO 


T£A 


X 


0.78 


1.19 


A OA 
U.07 




A 


0.70 


0.71 


1 At 


rv;i 


n 


o t 79 


0,85 




D61 


D 


LOO 


l.OQ 


1.00 


P61 


F 


1.01 


0.70 


0.61 


D61 


Q 


0,81 


1.25 


0,84 


D6I 




1.44 


1-67 


0,97 


Ddl 




1.08 


1.66 


,.0?8 


D61 


K - 


0,9? 


, J,7? 


0,?7 




L 


0.80 


1.20 


1.00 


D61 


N 


0.79 


1-00 




D61 


? 


0,83 


1.13 


0.97 


D6J 


0 


0,89 


1.16 


1.02 


D61 


R. 


. Ui 


1,59 


P,6? 


D61 


s j 


W6 


lr3? 


P.97 


D61 


V 


0,95 


Pr97 


jyo 


D61 




0.84 


0,95 


— LP3 
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Table 10-12. P 


erformance Ini 


9m 


Wild-Type 

Re*/ 
Ess. 


Mm,. 


PAT" 
PI 


PAD 
. PI 


Prot 
— H, 


D62 


A... 


-0,24 


o.u 


- 1,06 


P«2 


c , 


0.52 


0.4? 


Q.96 


D62 




1.02 


0,60 


_ 0.9? 


D62 




0,28 




0.8$ 


D62 




0,61 


•O.01 


Q.89 


D62 


[ 


0.72 


-0,25, 


- 0.92 


D62 




0,51 


■Oft 


0.95 


D62 


M 


0.03 


-0,24 


1.06 


D62 




-0.24 


-0,53 


0.6? 


D62 


9 


-0,2* 


-Or?S 


0.86 


D62 


R 


0.12 


-0,81 


0.62 


D62 


S 


0.57 


■0.10 


0^8 


D62 


T 


0.7? 


•QAl 


_ 0.76 


P62 


V 


0,62 


-0,2* 


_ 0.87 


D62 


W 


0.58 


•0,45 


. 0,7? 


Ptf? 




1.35 


0.60 


_ 1.06 


PO 


E 


1.25 


0,93 


0^7 


P63 


G 


1.71 


1,3? 


1.00 


P63 




1.40 


1.02 


0.99 


P63 


L 


1.J5 


1,2? 


A OA 

-. 0.84 


P63 


M 


1.46 


0,91 


1 AO 


P63 


0 


1.0? 


1.05 


— Um 


P63 


R 


1,31 


0,80 


1 02 


P« 


f5 


1.42 


0.90 


. 1.17 


P63 


T 


1.50 


1,32 


1.02 


m 


V 


1.31 


1.04 


1.06 


p» 




1.35 


1.11 


0.86 








0.95 


. 1.12 


T64 




0.96 


1,20 


0.97 


T64 


C 


0.78 


0.88 


1.05 


T64 


D 


0.87 


0,64 


0.81 


T(M 


0. 


1,23 


m 


1.00 


T64 


a 


0.89 


0.96 


0^0 


T64 




0.63 


1-22 


0.93 


T64 




0.68 


1,0? 


_L07 


T64 IN 


0.69 




_0J>1 
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Table 10-12. Performance Ind 


ices 


Wild-Type 

ResJ 
. P«._.. 


Mnt 


PAF 

n 


PAD 

n 


Prut 
Ok 




> 


0.7(5 


0.94 


iuU. 


IT64 


0 


0.75 


Q,«7 


1.13 


T64 


R. 


0,15 


0.11 


1 AC 

1.05 


TM 1 


s 


Ul 


0,99 


4 A*» 

1.0? 


T64 


|r 


?.op 


1.00 


1.00 


T64 


tor 


P.7J 


0,69 


0.72 


D65 


A 


Jr31 


0.72 


0-72 


D65 


D 


1.90 


1,00 


1.00 


D65 


0 


0,80 


0,52 


0.88 


D65 


H 


1.10 


0.40| 


0.71 


D65 


I 


0,5? 


0,62 


0.4fi 


D6S 


P 


-0,3? 


0,42 


0.08 




R 


0,41 


022 


0.84 


DD65 


5 


M7 


0.47 


P.7G 


[D65 


T 


0.90 


0.50 


0.68 


|D65 


V 


0.88 


0.20 


0.64 


fc>65 


W 


0,77 


0,50 


0,65 


|d6S 


y 


0,8? 


0.42 




P66 


A ... 


0.59 


0,56 


1 A9 

1.03 


P66 


c 


0.51 


0.52 


1.51 


P66 


p 


1.00 


0.72 


A AA 


P£6_ 


F 


0,95 


0.67 


t AO 

1.02 


P66 


G 


1.50 


0.44 


1 78 


P66 


H .. 


1,59 


0.?5 


1.23 


P66 


1 


1,5? 


0,84 


1.51 


P66 


I 


M4 


0,99 


0,9? 


P66 


N . 


1.12 


0.38 


1,62 


P66 


P 


AO? 


-0.11 


-0.01 


P66 


0 


1,46 


0.42 


1.91 


P66 




1,85 


0.51 




P66 




1,3? 


1.02 


0.98 


P« 


T 


Ml 


1.19 


0.72 


P66 


V 


m 


0,89 


1.12 


P66 


Y 


1,33 


0.70 


1.08 


R67 


A.. 


-050 


0,2? 


Jr39 


ttf7 


E 


1,04 


0.11 


-0.85 
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Table 10-12. Pe 


rformance Indlee* 


Wild-Type 
ResV 


Mat 


PAF" 


PAD 
..PI 


ProC 
_H 


ROT 


P .. 


U6 


0.01 


.lJOl 


R67 


a„ 


U? 


. ..0.41 


0.81 


R67 




0.91 


_JR.9? 


0.76 


R67 




1,20 


0.16 


1-46 


R67 


N 


1,58 


0,33 


1j00 


R67 


p 


1.01 


0.04 


1.04 


R67 


0 


1-16 


0.13 


liW 


R67 


R 


1.00 


1.99 


IjOO 


R67 


T 


1.28 


0.32 


0.76 


R67 


V 


0JS9 


0.12 


154 


R67 


m 


1.07 


0.92 


0.95. 


L68 


A 


0,5? 


-0.11 


1.07 


L68 


Q 


0.76 


0.06 


MS 


L68 


P 


-0,16 


P.44 


W5 


L68 


B 


1.44 


0.13 


. .087 


IM 


F 


0,70 


055 


1.00 


168 


o 


1.09 


-0.08 


1.00 


L68 


fit 


1.05 


052 


. 0,89 


L6? 




1.1? 


0.73 


0.86 


IM 




1,00 


1.00 


1.00 


L68 




0.59 


0.03 


0.9? 


L68 




0,51 


0.10 


0.95 


168 


p 


0.29 


0.35 


0.82 


L68 


0 


0-59 






]M 




0.19 


.0.42 


. fl.75 




s 


0,99 


0.P7 


. P.93 


m 


r 


1.03 


052 


P.92 




V 


1.09 


0.31 


1.01 




w 


U\ 


0.56 


9.88 




Y 


0.71 


0.45 


0.97 


m 


A. 


0.92 


1.1? 


. 0,93 


m 


C ._ 


1.05 


WO 


1.18 


N69 


P.. 


0.90 


J.u 


195 




o 


J 50 


0.98 


1.06 


N69 


H .. 


.1,36 


1.52 


. .0.73 


m 




1.47 


1.75 


0.69 
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Table 11 


9J2. Performance Indices 


Wild-Type 
ResJ 
Pos. 


Mnt 


Mr Ar 
PI 


n ATI 

PI 


xTvC 
PI 




K 


1 72 


1.59 


0 A4 


N6? 


L 


1 30 


1.20 


036 


K69 


N 


1.00 


1.0C 


1 00 


N» 


P 


1 Of! 




0.66 


,N69 


ni 


1 (17 


1 14 


0 74 


N69 


D 




.-Vrfin 


n B4 


W? 


6 


1 91 


1 49 

1 t*T* 


im 




T 


1 7^ 


1 41 


fl«7 


K6? 


v 


1 00 


1 71 


A 07 


N6? 


w 


1 (K 






N69 


Y 


0 RR 


A 17 


044 


579 


A 


0 


1 41 


1 fig 


G70 


c 


0 12 


-0 90 


040 


OTP 


R 


-0.16 


0.33 


0.28 


570 


p 


0.00 


-0.36 


0.21 


570 


G 


1.00 


1 00 


1 no 


570 


H 


0.04 


1.90 


0.26 


G70 


I 


0.04 


0.27 


033 


570 




0.03 


-0.80 


0.26 


570 


L 


0.03 


1.01 


030 


G70 


m 


0.62 




0.29 


570 


N 


0.02 


rO.7.6 


037 


G70 


P 


0,1$ 




929 


570 


o 


0.02 


-0.83 


0.36 


G70 


R 


0,0? 


-1.84 


0^5 


G70 


$ 


0,6? 


0.64 


0.88 


□70 


T 


0.27 




-9.45 


G70 


V 


0.16 


-0.52 


9,34 


G70 


Y! 


0.08 


-033 


938 


A71 


A 


1.00 


1.00 


1.P0 


A71 


c 


1.01 


0.99 


9,85 


A71 


D 


0.70 


0.65 




Ml 


B 


1.4$ 


0.81 


0.83 


A71 




U3 


. 0.99 


.0.75 


A71 






o.«* 


9.85 


A71 


s 




0.78 


-0.75 
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. Table 1< 


M2. Performance Ini 




Wild-Type 
ResJ 
Pos- 


Mot. 


PA1? 
r AT 

PI 


pin 
pT 


Rot. 

n 




[ 


1.51 


O 70 


0,81 


A71 


K 


1 44 


i m 


0.76 


A71 


L 


1 71 


n CM 


__fl,85 


A71 


M 


O Oft 


111 
hll 


_0.8 1 


A.7A 




1 91 


A £.1 


. P.77 


A71 


e 


_A t^f 




P.46 


A71 




1 4A 


A TT 


-£.71 


A71 


5 


1 *?< 


A JCO 


m 


A71 


r 


1 TA 


A Tfl 
0.79 


_P,83 


572 


A. 




L32 


1.06 


§72 


c 


A « 


Z.1S 


0.96 


572 


P 


A 4A 


A ftA 


9.99 


572 




fl £1 


A Ol 


0,99 


S72 


P 


a 04 


1 15 


0.89 


572 


a 


1 9A 


1 7£ 
l. /fl 


_9,87 


S72 




1 91 


9 4ft 


0.82 


S72 L 


1.26 


0.7Q 


1.07 


S72 Im 


0 36 


2 13 


0.94 


S72 


N 


0 42 


2.85 


0.9? 


S72 


P 


-0.25 


0.56 


0.6? 


572 


0. . 


0.62 


0.66 


—0.98 


577 


R ' 


0.86 


0.74 


_9.87 


572 


s 


1.00 


1.00 


1.00 


S72 


T 


1.10 


0,?7 


0.88 


S72 


V 


1.08 


0.83 


0.90 


S72 


w 


0.98 


034 


0.92 


S72 


Y 


1,07 


0,07 


_J,03 


Y73 


A 




1.40 


_P<?2 


Y73 


t- 


-0.10 


1.20 


1.18 


Y73 


D 


0.13 


0,80 


1.09 


YD 


Q ' 


0.71 


0.51 


0.95 


m 


H 


0.67 


9.52 


0.96 


Y73 




0.82 


0.64 


P.97 


m 


EC 


1.07 


O.SK 


Q,?5 


Y73 




_ O.J>8 


050 


— LP3 


Y73 Im 


. HMO 


1.12 


m 
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Table U 


M2r P< 


arforraa 


nee Indices • 


Wild-Type 
Reft/ 
Pos. 


Mnt 


PAF 


PAD 
PI 


rnn, 

PI 


Y73 


N , 


0.56 


076 


1.25 


n? 


P 


0.64 




0 42 


Y73 


0 


1.23 


087 


1-20 


Y73 


& ... 


1.26 


ft 96 


0 06 


Y73 


s 


U7 


A £fi 


ft 77 


Y73 


V 


0.88 


n 74 


1 ns 

JL42S 


Y73 


X.. 


-0.10 


A 1A 

•V. J V] 


-ft ft7 




A__ 


0.07 


7 on 


i m 


t74 


P . 


-0.18 


A 1C 


A M 


1,74 


7 


0.99 


i 11 


ft 5R 


L74 


(3 


1.95 


n 57 


ft 151 




H 


-0.18 


A 1 O 
-V.I O 


•ft ftl 


L74 




0.8$ 


A A4 


1 45 


L74 




1.00 


1 00 


1 00 


L74 




0.15 


1 21 


0 79 


1,74 


p 


-0J? 


A 10 


-0 03 


174 


0 


-0,1? 


-0.18 


-0 03 


L74 


R 


-0.18 


-0.18 


-0.03 


L74 


S 


2,72 


-1.52 


Q7S 


174 




-0.18 


-0J8 


-0.03 


L74 


y „, 


0.90 


0.61 


1.18 


L74 


w 


1.38 


0.67 


0.50 




Y , 


0.90 


0,86 


1.19 


P75 


c 


0.54 


1,42 


1.06 


P75 


D 


0.67 


2-0? 


Q.86 




E 


0.83 


1.19 


1.00 


P75 


Q 


1.16 


0.93 


0,81 


P75 




1.05 


0*6 


0.89 


P75 


I 


0.69 


0.74 


0.78 


P75 


k; 


O.GO 


0.88 


0.91 


P75 




0.44 


1.18 


1.9Z 


P75 IM 


0.36 


0,30 


1,22 


P75 


p 


1.00 


1.00 


1.0Q 


P75 


0 


1,21 


0.61 


1.04 


P75 


& 


i 1.60 


0,46 


0.8? 


P75 


P 


1,32 


0.63 
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Table 10-12. Performance Indicts 


Wild-Type 

MSJSSJ 

Pos. 


Mnt 


PAP 
PI 


PAffe 
PI 


IXtC 
Vf 


P75 


T 


_L28 


0 69 


1 10 


P75 


v 


093 


1-39 


ft Oft 


P7< 


W 


1 04 


1 11 


' ft Hi 


P75 




ft #90 


1 17 


1 ftft 


S70 


A 

d — : — 


ft ift 


in 


— AdO 


Q7* 




ft 10 

TTiiTr 


1 ft£ 


a fin 




n 


ft 41 


1 04 

i oft 


ft40 


Q7K 


R 


ft 47 


7 ftO 


A 5ft 


C7iC 


p 


ft 44 


A AC 


ft Aft 


071? 




ft £4 


7 15 


ft #90 


Q7/I 


ET 


ft 515 


1 11 

Ml 


A 70 


Q7£ 




ft 50 


1 51 


ft 17 


07/; 


r 


ft 74 


4 7fl 




Q7<5 




ft 40 


1 fit 


Oj45 


<37/5 


P 


1.23 


1.20 


0j67 


•576 


r> 


0 84 


0.90 


0-88 


S76 


s 


Too 


1 00 


1 00 


S76 


r 


075 


1.11 


0.80 


S76 


v 


0.67 


1.35 


0.78 


S76 


W 


0.57 


-0.25 


1.06 


S76 


Y 


0.31 


0.18 


. 0.75 


C77 


\ 


0.83 


0.9J 


1.20 


C77 


0 


l.PQ 


1.00 


1.00 


C77 


P 


0.9? 


1.05 


Q.45 


C77 


F 


0.25 


-0.61 


0.75 


C77 


G 


1.01 


0,18 


0.53 


077 


Lr .. 


0,98 


0.73 


1.44 


077 


N . . 


-0.13 




-0.04 


077 


p 


-0.13 


-0.06 


-QAM 


C77 


R . - 


0.70 


-1,02 


0,34 


C77 


s 


0.95 


P.7fl 


US 


C77 


r - 


1.12 


1.03 


1.18 


077 


V .... 


1.Q5 


0.80 


W3 


C77 


w 


0r3? 


-0,24 


0.73 


077 


Y 


0.95 


-Q.Q1 


0.66 


1,78 


A..., ,_ 


-0.11 


-0.14 


-0.01 



345 



WO 2005/056782 PCT/US2004/040438 



GC821-2 



Table 10-12. Performance Indices 




Table 1 


0-tt, P 


erformflnee Ti* 


(" 


Wild-Type 
ReaV 


MPt, 


PAF 

. n 


PAD 
FX 


Prot 
H 




Wild-Type 
ResJ 

JPos. 


-Mpk 


PAF 
PI 


PAD 

Pi 


Prot, 

n 


L78 


P 




0,7? 


ft?l 




£80 




0.21 


0.0! 


0.66 


L78 


i? 


3.91 


-I.M 


0,16 




F80 


I 


0-5C 


01! 


_o,78 


L78 


9 


4.9 


1J8 


0.12 




F80 




0.15 


-0.32 


0.74 


L78 


n 


4,W 


1.57 


0.25 




reo 


L_ 


0.15 


-0 11 


0.68 


L78 • 


i 


1.43 


1.11 


1.06 




no 


H_ 


0.53 


0 51 


0^7 


L78 


ii 




l.OC 


1.00 


no 


P 


-0 11 




_D,55 


L78 


M 


M2 


0.48 


0.75 


reo 


<?_. 


091 


1 A] 


1-02 


L78 


N 


2.68 


-0.4 


0.22 


reo 




0 08 


-023 


■ 0.78 

_U2 


L78 


P 


-0.1 


-0.14 


-0.01 


m 


S. 


0 96 


1 4fl 


L78 


0 


1.73 


0.52 


0.46 


no 


I 


1 00 


1 ftfl 


-_L0P 


L78 


R. 


-0.11 


-0.14 


-0.01 


no 


z_. 


1 VK 


1 01 


0.5>3 


L78 


5 


-0, J J 


-0.14 


•0.01 


reo 




0.23 


-0 86 


—046 


L78 


r 


1.87 


1.10 


0.47 


BO, . 


Y • < 


.0.15 


' 0 11 


Oi» 


L78 


Y 


1.53 


0.83 


1.04 


m 


A. 


1.15 


1 41 


sag 


L78 


Y 




0.81 


0.46 


m 


£ 


1.13 


1 09 


0.92 


A79 


A 




-0.13 


-0.02 


mi 


F 


1.10 


0.9( 


. 0.87 


A79 


c 


o P ?7 


0.03 


1.16 


Ml 


& 


1.17 


0.8C 


0^4 


A79 






0 f 27 


1.12 




H 


1.00 


l.Ofl 


1.00 


\T9 


p 


-0,15 




0,17 




K, 


1.52 


0.51 


0.31 


A79 


<? 


0.92 


0.9? 


0.9? 


H81 


1* 


1.23 


1.03 


QM 


A7? 


P 




-o,0? 


0,?5 


181 


M 






9X2 


A79 




-.1,5? 


0.67 


0,87 


i81 


N 


11.17 


1.W 


0.82 


M9 


L 


1.80 


0.96 


0.8? 


H81 


P 


-o.io 


0,77 


A 49 


A79 




J, 50 


0.28 


1.04 


H81 


o , 


0.85 


0.75 


H.00 


A79 




J.4? 


0.28 


P,97 


Effil 




0,34 


-0,2? 


P.85 


A7? 


> 


0.70 


0.94 


0.81 


Wl 


s 


1.04 


0,69 


0.P4 


AT? 




.1,47 


0.27 


J.05 


H81 




JUP 


. 0,71 


_P,S? 


M9 


L. 


-1.47 


0.32 


1.02 


H81 




\.Xi 


1,09 


. P.W 


M9 


S 


..AM 


« 0.7? 


1.0? 


B81 




0.77 


0.14 


0.7« 


A79 




1.17 


O.W 


0.90 


L82 




0.62 


0,?8 


1.00 


A79 


/ 


-0,15 


-9.H3 


-0.02 




L82 


5 


\?% 


0J1 




A79 




lr?7 


Qr53 


0,46 




L82 


a 


1.33 


o,47 


0.?5 


reo 


A, 


1.00 


1.11 


Q$0 




L82 


t 


1.17 


0.51 


0,58 


reo 




Ul 


1J5 


Q,9l 




L82 


K 


-JUl? 


05J 


1.03 


reo 




0,07 


-0,16 


1.02 




t«2 


L 


1.00 


1.00 


_LQP 


reo 


3 


1.1$ 


lr50| o f ?i 


L82 




P.65 


W 


. *.07 
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Table 10-12. Pc 


rforroanee Indices 


Wild-Tvne 
Pos. 


Mat 


PAF 

n 


PAD 

n 


Prot 
PI 


L82 


p 


\M 


0,5? 


1.11 


L82 




13* 


-0.18 


1.15 




s_ 


1.15 


0.00 


1.13 


DL82 


r 


1.18 


0,3? 


o.?7 


02 


V 


1.02 


0.19 


1.14 


|L82 


w 


0.27 


•0.46 


0.93 


P83 


A 


0.36 


?-,36 


0.66 


P8V 


c 


0.53 


1.01 


0.81 


P83 


D 


0.75 


0.83 


0.92 


P83 


B 


0.84 


1.26 


0.92 


P83 


F 


0.76 


0,9? 


0.69 


P83 


0 


1.31 


0.68 


1.01 


P83 


H 


1.27 


0,61 


0.93 


P83 


K 


1,37 


1.16 


0.88 


P83 


L 


0.04 


0.21 


0.19 


P83 


M 


0.58 


1.88 


0.71 


P83 


N 


0.70 


1.10 


0.90 


P83 


P 


1.00 


1.00 


1.00 


P83 


0 


0.73 


0.82 


0.95 


P83 


R 


1.1? 


1.09 


0.78 


P83 


s_ 


1.17 


0.7? 


0.89 


P83 


X 


0,86 


-0.02 


0.62 


P83 


V . 


0,78 


0.19 


0.72 


P8? • 


w 


m 


0.62 


0.69 


L84 


A 


0,45 


0,45 


0.76 


m 


D 


0,1? 


0.85 


0.48 




F 


0,72 


1.01 


0.74 


1*4 


Q 


0.77 


l.o> 


0.53 






1.01 


0,9? 


0.66 






0.90 1 


0.87 


0.99 






IW 


0.79 1 


o.si? 






1.00 


1.00 


1.00 






0.54 


0,67 


0,86 


L84 


P 


-0.12 


0.43 


0.58 




Q 


0.41 


032 


0.93 


£84 




0.56 


047 


0.71 
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TBbleM 


>-ia._p_e 


rfonnancelndksM 


Wild-Type 
RexJ 


IVfirf 


PAF 
PI 


PAD 
PI 


Prot 
_PI 


f HA 


D 


0.75 


__fl,5J 


0.93 




T 


.. 0.86 


__fi.44 


__ 0.95 




V 


Q.7? 


„ 0.42 


1 21 


L84 




036 


-028 


0.91 


D85 


A 


0.79 


1.09 


0.63 


D85 


C 


0.88 


13fl 


0.56 


D?5 


D. 


1.00 


1.00 


1JM 


D8J 


5 


1.12 


129 


0.97 


D85 


p 


1.01 


1.98 


0.S2 


D85 




1.41 


1.60 


0.69 


P85 


a 


135 


124 


0.76 


D85 




0^5 


0.10 


0.46 


D85 


u . 


0.53 


, 024 


032 


D85 




144 


,0.78 


0.86 


D85 |P 


9.97 


034 


0.63 


D85 JO 


3.09 


0.9? 


0.82 


D85 k 


238 


1.03 


0.66 


P85 


s 


2.28 


0.68 


0,93 


D85 


r 


133 


0.71 


...0.77 


D85 


V 


0.61 


0.25 


0.65 


D85 


W 


0.87 


0J4 


0.72 


D85 


Y 


0.98 


035 


0.78 


L86 


A 


U8 


332 


0.40 


L86 


c 


1.16 


2.44 


0.85 






9.06 


-0.92 


0.46 


L86 


F 


-0.15 




-0.02 


MJ6 


q. . 


1.15 


0.70 


.0,83 


W6 


a. 


0.88 


•fl.72! 


0.57 


L86 


k .. 


1.00 


1,00 


1.00 


L86 


p 


-0.15 


0,99 


022 




0 


-0.15 


-2.60 


3.66 


U6 


R 


0.43 


-4.46 


026 


L86 


s 


0.78 


-0,36 


0.78 




r 


0-9$ 


0,28 


0.75 


LB6 


V 


Q.92 


Q.12 


053 


L§6 


W . 


0.67 


0,08 


0J8 
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H?i P 


erformance Ini 


iices 


Wild-Type 
Res/ 




PA1T 

PI 


PAH 

PI 


Prot 
PI 


W 


y 


0.85 


0.82 


0.92 


V87 


A 


0.65 


o n 


0.88 


V87 


C 


0.67 


2.22 


0.93 


V87 


D 


•0 03 


-7 SI 


0J2 


V87 


P. 


O.60 


0 1C 


0.56 


V87 


9 


046 


-2 OS 


0.54 


V?7 




004 


-834 


0.26 


Y87 


L. 


0.71 


430 


.,0,84 


V?7 


M 


073 


0 75 


m 


V?7 


P 


0.07 


1 64 


0.3? 


Y?7 


R 


0 07 


-1 33 


0.44 


V87 


s 


0.59 


-0 09 


0.67 


Y87 


XL 


0.63 


• 0 15 


0.71 


V87 


Y 


1.00 


1.00 


1.M 


V87 


Y 


0.33 


-1.24 


0.42 


188 


0 


1.01 


-2.63 


0,27 


l«? 


H 


" 1.20 


-6.25 


.051 


IP 


I 


1.00 


1.00 


1,00 


[88 


M 


0.24 


1.09 


0.86 


[88 


k. 


4.14 


-0.55 


05? 


m 


p 


-0.14 


3,51 


0.18 


188 


0 


0,0* 


•1.10 


,0,36 


188 




-0,14 


-0.32 


-O.02 


[88 


T 


1.03 


-0,16 


0.52 


[88 


Y 


-0.14 


-0.32 


-0,02 


[89 


A 


0.55 


1.83 


0.63 


[89 


P 


-0.10 


-0.14 


-0.02 


[89 


E 


-0,10 


-2,05 


0.24 


[89 


F 


0,68 


0,75 


0 r 90 


[?? 


a 


0,64 


-3,84 


059 


18? 


H 


1.00 


-1.01 


0,33 


189 


[ 


100 


1.00 


. l.oo 


18? 


I 


0,87 


1.22 


1.07 


ft? \ 




0.38 


1.9J 


0,30 


189 


3_ 


055 


-0.30 


0.32 


[8? 


L 


-0.J0 


-0.14 





Table 10-1? Porfnm.iiM.Tn. 




Wild-Type 
Res/ 
POT, 


JMnt, 


PA17 
PI 


p ATI 

PI 


Prot 
_ PI 


189 


s 


071 


.1 


— 0J9 


189 


r 


094 


0.9( 


_JL60 


[89 


V 


0.91 


ft ftt 


__1,09 


[89 


w 






057 


M90 


A 


ft 7R 


1 41 


„ 0,67 


M90 


C 


ft 10 


1 AO 


—0.83 


M90 


P 


ft 94 


ZiEfi 


0.15 


*W 


B 


.A 44 




—052 


WQ 




A Cf 


1 *v» 


—0.33 


M90 




1 11 


ft 


0,74 


M90 lL 


1 1)9 


A OS 


—A84 


M90 


ML , 


1 lift 


1 ftft 


1.00 


M90 


P 


-ft 94 


-ft 16 


058 


M90 




ft £ft 


ft Tf 


0.71 


M90 




-ft 74 


ft ^ 


053 


M90 


s 


1 ftfi 


A |7 


0.56 


M90 


T. 


1 77 


ft IS 


.0.5? 


M90 


y. 


1ft« 


0 08 


_J}.# 


M90 


w 


O.T9 


-4.04 


— 0.21 


L?l 


\ 


0.57 


1.45 


0,81 


w 


e 


0.67 


1^7 


0.87 




D 


-0.12 


1.47 


0.12 


191 


e 


-0.12 


-0.51 


-JLI2 




G 


151 


-0.58 


0.17 






-o„K 


-0.1? 


-4.01 




i 


0$8 


1.05 


0.89 


m 


K. 


-0.12 


-0.13 


-0.01 


L91 




lJ00 


1.00 


, 1.00 


m 


ML. . 


058 


0,88 


0,80 


m 


> 


-0.J2 


-0.13 


_^.oi 


m 




, 0.05 


AM 


0.18 






:0.12 


-A» 


-0,01 


m 


5 


0r» 


_._0.43 


..054 


m 


r._,„. 




-0.11 


. AM 


m 


v 


0*4 


-0.7? 


_0.72 


u>i 


W 


-0.K 


. r0,13 


M 
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Table 10-12. Performs 


nee Indices 


Wild-Type 
ResV 
POT, 




PAF 
PI 


PAD 
PI 


PKrt. 
PI 




V 


-0.12 


-0.13 


-OjOI 


m 


A 


-O.10 


-0.18 


-0.02 




e 


-0.10 


2.05 


0.18 


B92 




-0.10 


-0.18 


J0.02 


G92 




-0.10 


-231 


0.21 




F 


-0 10 


-3.24 


0.17 




G 


1.00 


1 00 


1.00 


G92 


I* 


-0 10 


•0 18 


-0,02 


<m 


M 


-0 10 


-O.lfc 


-0.02 


G92 




-0.10 


-0 18 


-0.02 


092 Ir 


-0.10 


-0.18 


-Oj02 


092 


g 


1.26 


-2.96 


0.21 


m 


r,_. 


-0 10 


-0.18 






y , 


1.49 


-3.03 


0.20 


<3?2 


w . 


-0.10 


-0.18 


-0.02 




y 


-0.10 


-0.18 


-0O2 


m 


A 


1.38 


1.05 


0.50 


r93 


c 


1.08 


0.95 


0.64 


m 


P 


-0.18 


0.23 


0.22 


r?? 


F 


3.52 


0.54 


Oj63 


r?? . 


P 


-0.18 


-0.19 


-0.0? 


m 


0 


-0.18 


-6.75 


2.03 




R 


-0.18 


-0.19 


-O.02 


to 


s 


0.89 


0.49 


0.89 




T 


1.00 


t,0Q 


LOO 


r?? 


V 


-0.18 


•0.19 


-0.02 




V . 


-0.1? 


-0,19 


-0,02 


T?3 


V - 


526 


0,0? 


0.77 




4.. ._ 




0.74 


0.«« 




c 


0,01 


o,07 


0.94 




9 


0.15 


0.53 


0.7.6 






o.n 


-0.94 


0.77 


N?4 




m 


-0,18 


0,4? 


W4 


M 


-0,45 


0.03 


0.94 


N94 


N, 


1.00 


1.00 


1.00 




p 


-0.45 


0,7? 


O.40 
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Table 1( 


[-12, P« 


Tfonmance Tndkws 


WDd-Type 
Re&/ 

Pot, 


Mnt, 


PAF 
PI 


PAD 

PI 


VtwL 
H 






0.10 


-8^ 


0.19 




s 


0.10 


0.8? 


0.84 


N94 • 


r 


0^5 


-1.43 


0.66 


N94 


Y .. 


0.15 


-0.39 


Oj65 


m 


w 


0.10 


-1.20 


Oj69 


N94 




0.08 


0.12 


0.76 


W5 


A ._. 


-0.14 


•0.14 


-OjOI 


D?5 


C 


-0.14 


-0.14 


•OjOI 


D?5 


P _ 


1.00 


1.00 


IjOO 


P?5 


6 . 


2.04 


0.75 


Oj66 


P?5 


Q 


-0.14 


-0.14 


-0.01 


D?5 


R 


-0.14 


-0.14 


-0.01 


D?5 


K 


-0.14 


-0.14 


-OOl 


D?5 


L _. 


-0.14 


-0.14 


-OjOI 


D?5 


N -. 


-0.14 


4.14 


•OjOI 


P?5 


0 


-0.14 


-0.14 


•OjOI 


D?S 




-0.14 


4.14 


.OjOI 


D95 




-0.14 


•fl.M 


-0.01 


P95 


r 


-0.14 


-0.M 


-OjOI 


P?5 


v 


-0.14 


-0.H 


-OjOI 


D95 


w 


-0.14 


-0.14 


-0.01 


D?5 


v 


-0.14 


-0.14 


-0.01 


T96 


A 


0,3$ 


4,30 


1.32 


m 


c 


0.44 


3.7* 


0.7? 


m 




0,53 


1.24 


0.69 


T96 


Q 


0.7? 


US 


1.03 


T96 


I 


0.95 




0.88 


T96 




0.92 


1.93 


M3 


TO 


M , 


0,39 


?,» 


WQ. 


m 


p 


-0.11 


0.89 


0,35 


T96 


ft _ 


0.17 


0.14 


0,50 


m 


5 . 


1.04 


0.79 


1j05 


T96 


r „ . 


1.00 


1,00 


IjOO 


m 


V 


0.81 


o.» 


1.1? 


T96 


W. 


0,3? 


-4,29 


Ml 


to 


X 


0,38 


-3.73 


0.59 
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Table 11 


D-12. Performance Indices 




Table 10-12. Performance In&« i 


Wild-Type 
Pos. 


Mot 


PAF 


PAD 
PI 


Prot 
_EL_ 




Wild-Type 
ReaJ 

JPW, 


Mnt 


PAF 
PI 


PAD 
_H 


Prot* 
_H 


K97 


A 


, o,pi 


0.23 


. 1.11 




m 


W 


_ 0,6? 


.0,51 


.. 1,20 


iron 


D 


-053 


•0.17 


-0.01 




m 


Y 


_ 1.00 


. 1.00 


J.op 


iron 


0 


0.84 


-0,64 


0,3? 




FJ00 


A • 


. 0.7? 


2,02 


,9.93 


iron 


I 


P.74 


-0.55 


.0.47 




F1O0 


c 


0.73 


- 1.28 


0.78 


, fry/ 


K 


1.00 


1.00 


1.00 


F100 


p 


. 038 


-0.03 


-.0.33 






038 


-058 


0.30 


F1O0 




1.01 


. 0.15 


0.83 


j™f 




0 T 02 


05? 


0.95 


noo If 


1.00 


1,00 


. 1.00 


r~ — ' — " 


P 


0.1(1 


0,27 


0,36 




pi oo 




0.65 


_-0,«? 


-.0.53 


hro7 — — 


0 


1.14 


I 0.00 


0.73 


F100 


M 


0.79 


-AW 


_liP 


T~~ 


R 


2.80 


0.59 


1.02 






N 


0.91 


_ 1,45 


1.12 


Wl 


S.._ . 


058 


-0.46 


0.5? 


Flop 


S_. . 


OXt 


0,85 


1.02 




T 


0521 


-0.42^ 


_0.5] 


F100 . 


r 




.1,42 


_PJ1 




V. 


.. 0,31 


-0.45 


0.51 


Fl» 


«... 


, . 1.08 


..-0,0? 


-.1.06 


K?7 


w 


0.42 


-2.32 


0.13 


rioi 


c 


... 0.71 


.0.95 


0,96 


W! 


y;,. , 


059 


-0.65 


,0.38 


ripi 


D 


_ 0,85 


. 0.«0 


J.P2 


A98 




1.00 


1.00 


1.00 1 


RJftl 


p . 


0,84 


0.97 


0,66 


A?S 


c 




1.42 


1,00 


mi 


1 


0.7?, 


.0,9^ 


0.68 


A?? 


D 


1.11 


2,1? 


0,81 


R101 




154 


0.07 


.. 0,?0 


A98 


<3 


1.57 


0.56 


0.97 


kioi 


i, 


0.83 


LM 


J33 




a 


2,0? 


0.92 


0,82 


R101 


to 


0.72 


0,92 


. Ul 


ASS 


i 


2.05 


0.65 


0.72 


Rioi 


f 


0.50 


o,w 


0.75 


A?? 


L 


252 


1.47 


_BJ1 


RJ01, 


Q 


0.86 


_.0.» 


1.03 


A98 


N 


154 


1.40 


1.01 


R1P1 


R, 


1.00 


1.09 


1.00 


A98 IP 


UP 


156 


0.90 


W01 


V 


0.74 


0:44 


0.90 


A98 


s. . 


1.73 


0.65 


1,17 


moi 


w 


0.95 


o,ot 


0.89 


A95 


T 


1.72 


0,27 


1.03 


R101 


Y 


0.74 


0.« 


0.67 


A?? 


Y 


2.02 


1.15 


0,87 


R102 


A .. 


0.19 


;_l.Z? 


0.98 


Y99 


A . 


0.66 


0.82 


IA9 


RJ02 


c 


0,2? 


0,3$ 


0.78 


V?? 


5 


0.83 


0.70 


. 1,23 


Rl©2 


P_ 


0.01 


0.68 


056 


m 


R, 


0.77 


0.59 


1.30 




R102 


F 


0.46 


0.23 


P.31 


Y99 


[ 


0.81 


0.6* 


Ml 




R.102 


a 


0.44 


0.27 


0.43 


Y99 


L 


0.66 


0.86 


13? 




WW 


u . 


.. 0,33 


1.64 


. P.95. 


Y99 


P 


0.89 


0.81 


1.00 




R102 


p. 


-0.07 


Q.9? 


0,26 


Y99 


R. 


0.61 


059 


0.97 




R102 


OL. 


0.67 


1.1? 


1.09 


Y99 


S 


0.72 


0.37 


-JL45 




RJ02 


R 


1.00 


_ L0X 


_.1,00 


Y99 


V 


P.61 


P,3J 


_1,2? 




R102 


s_ 


. 0 f 46 


9.96 


-0,9? 
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Table 1( 


J-12. Pi 


aforms 


nee Indices 


Wild-Type 
Ke&/ 

PlVC 


Mnt 


DAI? 
x AT 

PI 


PAD 

. n . 


Prot 

n . 


KaVZ 




OJR 


m 


0.80 


piao 


w 


0 23 


•J ,03 


0,34 


SLU22 


V 


AAA 


1,2? 


Q.7fl 


T1 A* 


A 


A 07 


-9.64 


0.89 


T*1 A^ 


r» 


a on 


-6.91 


0.89 


"PI 

no? 


■? 
r 


A Til 


-3.39 


0.85 


1122 


Li 


1 11 

1.11 


-5.27 


1.20 


1122 


TT 


A OA 


-4.15 


1.14 


no? . 


r 
I 


1.08 


.-5.15 


0,8? 


hp? . 


& 


1 AO 


-436 


1.05 


no3 


r 

L 


1 A< 

1 AO 


-1.86 


0,8? 


no? 


VT 


a *n 

0.77 


-«.o? 


1.07 


no? 


n 

r 


A £Xk 


--5.1J. 


1.01 


T1A4 

no? 


8. 


A C*7 


-6.3d 


0.96 


X*1 A*5 


c 


A OO 


-136 1 


1.14 


T1 A<* 


£ 


1 AA 


1.00 1 


liOO 




V 


A Of 


-WJ 


0.90 


T1 A^ 

no? 


\rr 

JX 


1 Ifi 


-2.60 


0.77 


A lw 




1 10 

1.17 


-4.68 


0.88 


FISH 


A 


-A 41 


-0,19 


-0,04 


D1 AA 

Ella 


r» 


1 Of 


' 1.83 


134 


pi AA 


p 


1.84 


1.97 


1.37 


[P104 


F 


1.79 


0.86 


0.67 


P1M 


& 


2.67 


0.98 


1,25 


P104 


ft - 


2.84 


1.03 


1.11 


P104 




2.43 


2.05 


1.07 


P104 


L 


■0.41 


•o.l? 


-0.04 


P1Q4 


M 


1.09 




1.01 


P104 


fcl - 


>,62 


1.44 


132 


P104 


P . 


1,00 


1.00 


1.0O 


P104 


0 


134 


P-85 


1.24 


P104 




1.62 


•039 


0.83 


P104 


§ 


2.48 


0.5? 


1.44 


P1Q4 


T 


2.70 


033 


1^9 


P104 


V 


2.59 


1,02 


1.40 


P104 




2.05 


0,22 


0.59 
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TiMeK 


u J2t P* 


rformance Tnrfirm 


win-Type 

Dm/ 

Pto*. 


Mnt 


PAT" 
-H 


PAD 


Prat 
—H 


L105 


A 


-0.11 


_Ai8 




r 105 


c 


.. Wtf 


-jw 


UK 


T 1 AC 


D 


•0.11 


0,53 


—ftH 


LI 05 


F 


L_JL30 


— 1.73 


_ftS5 


r i ac 


r? 


1.08 


. 1.40 


_ M7 


T 1 AC 


FT 


0.85 


_ U? 


_M7 


r iik 




1.00 


l.op 


UK 




3ft 


. -0.11 


--0.18 




r i ac 


p 


_ L71 


0.90 




r i ac 




0.94 


-1.04 


LB 


r i ac 


p 

& 


0.99 


155 


tta 


r i AC 


0 


0.93 


-_0.«1 




r i ac 


£ 


... 0.92 


o.« 


LfiO 


T 1 AC 


v 


0.15 


L--0.97 


037 


r i AC 


w 


—1.28 


._.1J.1 


. 0L78 


r i ac 


v 
X 


.0.72 


..0.6? 


U8 


DIM 


A 


_P,7? 


_..1.13 




niojc 


r» 


1.01 


1.10 


A80 


D106 


D 


1.00 


1.00 


m 


D106 


E 


1.08 


1.09 


Lffi 


D106 


F 


1.02 


1.45 


P34 


D106 


G 


.. 1.18 


1.45 


0.67 


D106 


fl 


1.09 


1.18 


0.66 


P1Q6 


[ 


1.04 


0.92 


0,45 


PIP6 


K 


1,28 


1.24 


OjE8 


PKHJ 




L2P 


1.00 




PJ06 




0,73 


0.86 


«77 


piq* 


N 


. Pr92 


0.64 


091 


P106 


P 


—-0.17 


0.63 


<M8 


D106 


O 


0,92 


0.62 


o« 


P1Q6 


R> . J 


0.98 


0.56 




DIOfi 


s 


0.98 


._.1P2 


A81 


D\M 


T 


1.06 


138 


064 


DIOfi 


V 


Q.9S 


1.6ff 


m 


D106 


w 


0.78 


1.07 


_ P34 


007. 




0.81 


A80 
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Table 10-12. I 


'erform 


onAA Tn 
auvtr id 






Tpble H 


1-12. PprfnrmanM T*» 


djai 

fttrt. 

■mm 


WiM-Typ< 
Rety 

Pot, 


if 


PAF 
PI 


PAD 
PI 


Prot 
PI 




Wfld-Typ< 


i 

.-Mpt, 


PAF 
.-JPI 


PAD 
_H 


1107 




p,9! 


M 


l.OC 


HO? 


.0 


0.8J 


0,5 


. n 

A 00 


no7 


"C — 


_ 2.5f 


-0.2* 


0J2 




UP? 


« 


—P.8J 


0,2? 


ILSS 


1107 


"U 

.E 


. 0.9< 


-o.o; 


0.15 




L109 


I 


-J.0 


P.1 


— L21 


. J107 




1.7 


-10.1; 


I 0.2- 


HP? 






1.Qf 




1107 




-0.(T 


-0^( 


-0.03 


L109 


M 


0.74 


O-ffl 


LSQ 


ri07 


[ 


1.0C 


1.0C 


l.OC 




LI 09 




l,« 


0.W 


IM 

1.13 


1107 


b 


0.9^ 


1.04 


0.52 




L109 b> 


.. P.7S 


0.41 




1107 


N 


1.81 


0.93 


0.5* 




L109 


0 


1.18 


022 




no7 


p 


0.65 


0.32 


040 




HO? 




9.48 


0.21 


-. 0.95 


[107 


0 


0.5? 


-O.02 


0.43 




Ll09 


S 


0.7? 


0.38 




■ Ill07 


R 


0.08 


-2.75 


0.28 




L109 


r 


0.«3 


0.79 




buz 


s 


2.04 


1.33 


1.05 


L109 


* 


P.S? 


0.54 


L9£ 


1107 


r 


0.64 


1.53 


0.95 


L109 


w 


1.30 


-0.02 




[107 


V 


1.00 


0.97 


1.04 


L109 


V 


_ JJfi 


0,8?j 




1107 


w 


-0.07 


-0.20 


-0.02 


O110 


A 


0.91 


1.01 




[107 


y 


0.49 1 


0.52 


0.23 


G110 


c 


0.35 


1.43 


fid 


A108 




-0.12 


-0.07 


-0.02 


G110 


p 


0,76 


_ J.40 


A Of 


AI08 


D i 


-0.12 


-0.07 


-0.02 


bno 


E 


_,. 0.26. 


-.J.76 


i fil± 


A108 


E 


0.14 


0.61 


0.25 


G110 


p 


0,04 


2.2? 


A 


A108 




-0.12 


-0-P7 


•O.02 


G110 


G 


J.00 


1.00 


1 An 


A108 


G 


o.?? 


1.13 


1.15 


G110 




0.6? 


0.73 


n aa 


A108 


H 


-0,12 


-0.07 


-0.02 




G110 




0,06 


.0.23 


"nil 

0.32 


A108 


[ 


-0,12 


-0,07 


-0.02 




3110 




-P.20 


. -0.12 


-0.0? 


A108 


* , 


0.60 


, 2,97 


031 




3110 


M 




0,82 


0.34 


A108 


L 


J. 41 


2.56 


...0,20 




3110 




.0.70 


0.77 


M? 


A108 


» 


-0.12 


-o,07 


-0,02 




3110 


> 


. 0,02 


0,22 


030 


A108 


P 


-0,12 


-0,07 


-0,02 




3110 


? 


0,44 


044 


0.77 


A108 




0.58. 


-0.73 


0.98 




3110 


1 


0,05 


0.48 


P.45 


A108 




.-0,12 


-0.07 


..-0,02 




3110 


J 


0.7? 


0.30 


iJOl 


A108 5 


; 


0,94 


1.00 


.. M4 




3110 




...P.45 


-0.05 


0,42 


A108 1 


r 


-J ,05 


_0.87 


-J.08 


<; 


3110 




-J)2Q 


.-1.1? 


ftS> 


A108 1 


f 


0.76 


_P.?5 


-0,99. 




5HP 




.0,01 


•0.8? 


(VfO 


HQ? / 


V 


, 0,34 


0.3? 


-J07 




mi 


\ 


0,65 


, 1.02 


. 089 


L109 


) 


. 1,00 


p.ll 


-J.15 




mi 




-9M 


-JrPJ 


ft95 


L109 fe 


_,o,74 


0.19 


U4 




-iiii 




-JJ.27 


, 0.7? 


AT? 


L109 IP 


-0.83 


042 


-JUJ 


IM11X 


s 


_Pr25 


-0.67 


ftS6 
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Table 10- 


.12. Pei 


rformai 


ice fed} 


ces 

Prot 
PI 


Wild-Type 1 
Res7 
Fw. — 




PAF 
PI - 


PAD 
Pl_ 


Prot 
PI 




WDd-Type 
ReaJ 
Pos. 




PAF- 


-PAD 

n 


Mill 




1.47 


0,7? 


0.75 




VI 13 




1.M 


P.76 


0.84 


Mill 




0.85 


P3Z 


0.44 




VI 13 


z .. 


1.19 


0.72 


0.92 


Mill 






0.12 


0.40 




V1 13 




1.50 


0*5 


0.85 


Mill . 




1.99 


1,0? 


P.91 




VI 13 


M 


0,78 




... 0,93 


Mill 1 




1,98 


0.11 


03? 




VI 13 


M 


0.88 


1.22 


m 


Mill 1 




1.55 


P£Z 






VI 13 


> 


0.72 


. 1.14 




Mill 


M 


l.W 


MQ 


1.00 


VI 13 


0 


1.0? 


, .1.11 


0.94 


Mill 


N 


0.49 


131 


0.79 


VI 13 


R 


1.13 


1.11 


0,8? 


Mill 




-0.27 


0,57 


039 


VI 13 


S 


0.80 


037 


m 


Mill 1 


R 


0.27 


-0J9 


034 


VI 13 


T 


0.94 


0.86 


0.89 


Mill 


S 


1.03 


o.u 


032 


VI 13 


Y 


1.00 


\m 


UW 


Mill 


r 


1,4? 


,0.76 


0.77 


VI 13 


W 


0.91 


O.W 


- 0.76 


Mfll 


V 


1.47 


0$ 


0.88 


V113 


Tf 


hll 


058 


, 0,85 


Mill 




0.?6 




__0JS 
0.65 


11 14 


A 


0.78 


1,07 


uw 


Mill 


V 


1.4? 




LI 14 


C .. 


0,78 


.1.14 


1.10 


S1 12 


A 


0.58 


0.94 


0,98 


LI 14 


E. 


032 


•0.14 


0.42 


sua 


E 


0,71 


l.lfi 


1.05 


1.114 


F. 


-0.1 1 


-0,21 


-0.02 


S112 


F 


0.37 


0.88 


0.61 


r.114 


G 


0.96 


1.14 


0.78 


s»2 


B 


i.oo 1 


0J8 


0.93 


MM 


fit 


0.92 


-035 


Oil 


5112 


S . 


0.84 


0.68 


0.9? 


MM 




0,97 


1.17 


086 


75112 


L . . 


1.03 


LOP 


0.80 


U14 




-0.11 


-0,21 


-0-O2 


SH2 


M 


. 0.43 


A CH 

Pr?6 


A Off 

v.<J 


M14 


L 


1.00 


1,00 


IjOO 




H 


0.52 


0,85 


1.09 


U14 


M, ... 


0.7? 


12 


1.00 


S112 . 
S112 


P 


-0.1? 


-0,82 


033 


UI4 


N. 


.. 0,o? 


A T*7 

. 0.77 




5112 


R 


Q^P 


-0.44 


0.99 


MM 


P. 


03P 


0,28 


0.42 


SI 12 


s 


1.00 


1.0P 


IM 


MH 


0. 


0,59 


W2 


0.68 


5112 ... 


r 


0.95 


0,72 


0,87 


U14 


R 


-on 




-0.02 


sua 


y... 


0,86 


0,4? 


0.73 




MH _ 


s . 


0.87 


035 


0.72 


sm 


w . 


0.74 


0r58 


0.85 




U14 


r.. 


0.88 


1,05 


0.8? 


S1J2 


Tf 


0.68 


-0.1C 


0.9C 




MH 


V 


0,9 


0.60 


0.84 


Y113 


4 


0.7 


13 


0.7? 




M14 


w ... 


-0.11 


-0,21 


-O.02 


VI 13 


C._ 


0.8*3 


0.94 


UM 




M14 


Y 


-0.11 


-0.21 


-0.02 






P.7I 


0^ 


0,91 




VI 15 


A. 


0.6C 


1.1$ 


1.11 




0.91 




0.9$ 


> 


Y115 . 


c 


0.72 


1.0 


1.14 


Y113 K 


l.Pi 


0.?< 


0,8< 




VI 15 




-o.i: 


Ml 


0.19 


Y113 P 


0,9.< 




0,8< 




YU5 .JE 


p.* 


1.6J 


032 
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0-12. Performance Indices 


MSJtSJ 

Pgs. 


Mnt 


PAF 
W 


PAD 
PI 


Prot 
._.PI 


VI 15 


Q 


LPS 


» 1.7< 


' 0^3 


V1 15 


a 


A1J 


-0,12 


.-0.Q2 


V1 15 


i 


1,0? 


0.9$ 


UA 


V1 15 


K 




•«.» 


-0,02 


V1 1 < 




1.12 


1.3C 


1.02 


1/1 1 c 


M 


0,48 


132 


1.05 


V1 1 < 
V 1 13 


p 


-0.15 


251 


056 


1/1 1 C 

yI15 


0 


-Q.1S 


1.1? 


0.32 


V1 1 c 


R. 


0,10 


l.«3 


051 


1/1 1 < 


s 


0.95 


1.M 


0.72 


1/1 1 c 


r. 


1.1? 


1.28 


0.7? 


1/1 K 


V 


J.Q0 


1.00 


1.00 


VI 1< 
VI ID 


w 


1,23 


2.4? 


.. 0,17 


V1 1 C 


y 


1,0? 


2,07 




Alio — 1 


A 


1.01 


0,95 


1.Q8 


Til A 

11 Jo 


C 


0,?p 




130 


UJP. 




0.86 


0,91 


15? 


T1 1p» 




1.10 


0.90 


J.44 


n i£ 


H,. 


i.oo 


1.08 


IM 


T1 11? 


I 


0.80 


,076 




rii6 




0.77 


0.68 


1,03 


ni6 


M 


0.83 


1.39 


1-28 


ni6 


N 


0.93 


1.05 


1.68 


ni6 


P 


0.74 


0.84 


0.99 


rue 


Q 


0.95 


0,77 


15? 


nie 


R 


0.64 


0,62 


1.03 


ru<? 


5 


0.88 


P,96 


-J54 


nifi 


r 


. 1,09 


1.0Q 


1.00 


rue 


V 


0,86 


.0.57 


0.85, 


rn<? 


w 


0.89 


Q.75 


0.96 


ni$ 




0.90 


0.47 


JL0? 


0117 




2.05 


1.73 


. 1.03 


0117 


S 1 


1,15 


1.21 


110 


0117 




137 


1,02 


. 0.6J 


0117 




2.Q8 


0.7? 


-JL97 


01 17 




, 2,33 


1.12 


—132 





0-12. Perform 




fan 


Wild-Type 
Re&y 




PAF" 
PI 


PAD 


Prot 
PI 


rti if 




-JL54 




(W 


f\i if 

L2UZ 


P 


•055 




0,61 


0117-.. . 


0 


—1.05 


- 1.0C 


IM 


0117— . 


ft 


_1,» 


—1.05 


-IM 


0117 


§ 


- 1.95 


0.87 


-J33 


0117 


r 


—253 


1.10 


-J.06 


0117 


V 


-2.15 


_0.7fi 


.,067 


0117 


W 


-2.16 


- 0.71 


.. 037 


0117 


Y 


-253 


1.13 


0.76 


VI 18 


\ 


_0.84 


—235 


150 


vnp 


Q 


0.78 


1.14 


-129 


VI 18 


D 


-O.m! 04ri 


—03? 


V118 


e 


-0.14 


-0.43 


037 


V118 


F 


0.96 


1.PP 


..W 


VI 18 


Q ' 


1.08 


0.5fl 


0.67 


VI 18 




0.96 


035 


1*1 


VI 18 


K 


_U3 


.-2.50 


05? 


V118 




0.93 


1.05 


0.93 


171 1 o 

Y118 


M 


o.» 


.. 0,?3 


. 0.90 


171 1 O 


p 


0.12 


052 


—032 


V118 


0 


P3? 


1.50 


. .037 


VI 1ft 


R 


036 


PrP7 


0.46 


VI 18 


S 




0.82 




VI 18 


r 


0.9? 


0.92 


0.90 


V118 


Y 


1.00 


. 1.0P 


. m 


VI 18 




0.83 


-158 


0.42 


VI 18 


y 


155 


„J34 


. m 


LIU 


As 


0.81 


1.02 


-J.18 


Ll>? 


c 


0.76 


..054 


...1.1? 


L119 


D 


054 


058 


0^7 


L119 


E ' 


0.45 


032 


ljfH 


L119 


F 


0,56 


•0.61 


M3 


LI 19 


3 - 


0,93 


-0rO6 


. 047 


"19 


a 


0.91 


0,46 


. W 


LI 19 


t , 


0.90 


0,43 


W 


Ml? 


L 


, 1.0Q 


. 1,00 


IflO 
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1-12. Performance Ind 


fAPfi 
ICHi 


Wild-Time 

ResJ 
Pol 


Mot, 


PAF 
tt 


PAD 
PI 


Prot 
PI 


L119 


N. 


0.58 




1.14 


LI 19 


P 


-9.M 


-0.01 


0.71 


L119 


R. . 


0.43 


-0.66 


1.00 


LI 19 


S 


0,83 


■QAi 


1.05 


LI 19 


r 


0.97 


0.10 


0.94 


LI 19 


V 


0,8? 


0.15 


1.04 


LI 19 


w 


0.77 


o^d 


0.88 


LI 19 


Y 


0.77 


0,50 


0.89 


T120 


A 


0.25 


0.66 


1.09 


T120 


C. 


0.75 


0.92 


1:14 


T120 


B. 


P.58 


153 


1.19 


T120 


H 


0.88 


0,50 


1.07 


T120 " 


1 


0.91 


1.5tf 


1.00 


T120 


K. 


0.87 


1.09 


1.12 


T120 


I# 


0.W 


IM 


1.00 


H20 


M 


0.05 


1M 


0.98 


ri20 


N. 


0.37 


1.42 


1.10 


mo 


P 


0.07 




0.82 


ri2o 


o 


0.26 


0.78 


1.05 


T120 


SL_ 


5L24 


0,60 


0.99 


ri20 


s 


1.09 


1 AT 

1.07 


1.35 


T120 


r 


1.00 


1.00 


1.00 


mo 


V 


0,2* 


1.07 


0.?3 


U2Q 


X 


0.57 


1.« 


1.0J 


5121 


A 


1,1? 




1.J0 


S121 




M8 


1.64 


1,0? 


S121 


s ..... 


0.89 


1.04 


1,01 


$121 




1.20 




1.07 


§121 


k; . 


1.24 


0,7? 


1.04 


S121 


L 


135 


1.49 


142 


S121 




1.14 


1.06 


1.17 


5121 


? 


M3 


0.38 


0.92 


S121 


^ - 


0.92 


1.09 


JM 


S121 




lr2$ 


0.70 


. 1.06 


S121 


§ 


1.00 


1.00 


1,00 


$121 




J.13 




0.93 
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Hi. ?\ 


:r]tli jut 






Wild-Type 
ResV 
Pw. 


MPt. 


PAF 
PI 


PAD 
PI 


PI 


$121 


V 


1.12 


\S9 


0.97 


S121 


W 


133 


0.77 


0.91 


A122 


A 


1.00 


1.00 


1J00 


A122 


P 


0.26 


0.06 


077 


M22 


B 


0.71 


047 


1j04 


A122 


F 


0.97 


0.15 


o jn 


A122 


0. 


0.93 


-042 


n «5 


A122 


H 


1 14 


0 17 


1 jOfl 


A122 b , , 


1.13 


0 65 


1j04 


A122 K 


1 08 


045 


096 


A122 k 


0.93 


1.02 


1J07 


MTt M 


0.81 


0.94 


1j06 


A122 


N..... 


0.83 


0.70 


1.11 


M22 


P 


0.61 


0.55 


1j07 


A122 


Q 


0.69 


0.74 


1.02 


A122 


R 


0.71 


0.40 


0.94 


AJ22 


S 


1.03 


0.43 


1j05 


AJ22 


r ... 


1.08 


0.52 


0.97 


A122 


V 


1.04 


0.89 


1.05 


A122 


w . 


0.99 


0M 


0.88 


312? 


A 


0.89 


1.19 


046 


9123 


c 


0,?5 


0,30 


0,92 


0123 




1.73 


0,84 


. 0.90 


9123 


B 


1.1? 


0.56 


m 


0123 


F 


0,84 


m 


.,0.85 


G123 


a 


1,00 


1.00 


... IfiO 


G123 


13 . 


, 1,00 


0.74 




3123 


K 


0.?7 


1.12 


0.93 


5123 




0,99 


138 


0.79 


5123 




0.84 


Mf 


0,85 


Q123 




0.89 


0.71 


0.92 


0123 


P 


1.32 


0.81 


. Q.W 


3123 


0 


0.01 


03? 


..037 


0123 


R, 


0,66 


0.60 


0.83 


OJ23 


[T 


. 1.06 


0.* 


0*5 


3123 


V 


1.40 


0.59 


..0*9 
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Table 10-12. Performs 






\X7Ilst Tuna 

yviMi-iypc 
Res7 
Pos. 


Mut 


PAF 
PI 


PAD 
PI 


Prot 
PX_ 


G123 


W 


0.95 


1,3? 


Q.77 


G123 


Y 


0.96 


1.24 


0.87 


G124 


A 


0.84 


0,0? 


lr20 


G124 


C 


0.7? 


U1 


1.07 


G124 


D 


0.76 


0.64 


0.99 


G124 


F 


1.32 




029 


G124 


G 


1.00 


hW 


1.00 


G124 


H 


1.59 


-Q,10 


0.9? 


G124 


[ 


1.85 


•0.08 


0.92 


G124 


L 


1.92 


034 


0J>? 


G124 


M 


0.97 


-0.05 


136 


G124 


NT 


0.98 


o.ed 


1.18 


G124 


P 


-0.11 


-oW 


0.37 


G124 


0 


1.12 


P.21 


1.02 


G124 


R 


1.14 


0,41 


0.88 


G124 ] 


s 


1.27 


036 


1.00 


G124 


r 


1.64 


032 


0.97 


G124 


V 


1.44 


033 


0.93 


G124 


w 


• 0.73 




0.84 


G124 


Y 


1.23 


036 


0.66 


YI25 




1.6? 


O r 93 


0.91 


V125 




0 r ?6 


0,54 


0,67 


V12S 


P 


1.24 


0.54 


0.76 


vm 




0.81 


0,39 


0.73 


Y125 


F 


0.96 


0,63 


0.77 


V125 


G 


2.95 


1.09 


0.60 


Y125 


I 


1.01 


0.94 


1.05 


Y125 


p 


1.50 


0,62 


0.83 


V125 


R 


1.30 


0,47 


0.82 


V125 




1.94 


0.79 


0 r 75 




V 


1.00 


1,00 


1.00 


vm 




0.37 


0,25 


0.48 


Y125 


r 


1,0? 


.Ml 


082 


Gm 


A 


0,96 


Q35 


1.02 


GJ26 




035 


0,98 


0.96 


G126 


P.. 


0.33 


\& 


_PJ>3 
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Table 10-12. P* 






lice* 


TTllQ-l/Pl? 

Re&/ 
Pos. 


Mot 


PAF~ 

_ n 


PAD 
PI 


Prot 
_H 


G126 


E 


0.67 


P.ffl 


_LW 


G126 


G 


... 1.00 


1.00 




G126 


I 


.0.84 


0.01 


. . 0,?J 


G126 


L 


—JL17 


_P,54 


_C?0 


G126 


M 


0.43 


-1.17 


, m 


G126 


N 


03? 


0.85 


_1,04 


G126 


P 


_ 1.17 


.0.67 


_OJ52 


G126 


R 


0.43 


0,7* 


_0.89 


G126 


s 


P.76 


..O.H 


. 0,90 


G126 


r 


.LB 


0.74 


0.90 


G126 


v 


0.89 


0.18 


. 0,84 


G126 


Y 


. 0.54 


...0.23 


-J182 


T127 


A 


...0.7? 


.1.10 


__L10 


T127 


C 


.. .0.76 


.0.65 


1.04 


T127 


D 


0.46 


0.62 


_1.P3 


T127 


E 


.0.40 




1.03 


T127 


G 


.A95 


.. P.71 


_1.04 


T127 


H 


137 


0,60 


0.99 


T127 


[ 


1.06 


0.20 


0.91 


T127 


I, 


JL90 


-0.03 


_0AJ 


H27 


M 


...0.79 


0.64 


1.02 


ri27 


P 


0.14 


. ,0.77 


0,95 


ri27 


0 


. -0.55 


n tc 


0.86 


nz7 


s 


..J.Q5 


0.83 


1,08 


ri27 


T 


1.00 


J.QQ 


.JLPP 


T127 


v 


1.07 


0.68 


1.06 


ri28 


A 


0.76 


Ul 


1.23 


T128 


D 


0.7? 


0.66 


1.14 


ri28 


F 


0.79 


1.71 


1,01 


rm 


s 


0.99 


1.08 


1.19 


T128 


K . 


1.06 


1.57 


1.10 


ri2? 


L 


1.0$ 


1,7? 


0.97 


n?8 


«*...._ 


0.72 


1.06 


1J28 


T128 


N 


0.70 


U6 


139 


T128 


P. . . 


0.87 


146 


US 


rm . 


0 


. .038 


1,34 


..JL24 
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Table 10-12. Performance Indices 


Wild-Type 
ReaJ 
Pos. 


Mot, 


PAT? 
PI 


PAD 

PI 


Prat 
i ruu 

PI 


rm 


ft 


0.87 


1.70 


1.03 


rm 


5 . 


092 


1 77 


1 07 


n» 


r... 


l no 


1 00 


1.00 


na? 




n or 


1 IS 


1 05 


rm 


w 


n <M 


1 23 


095 


rm 


Y 




1 R1 


0.96 


V129 


A . 


U.irt 


ft 17 


1.39 


Y179 


C. . 


A £/C 


ft £1 


1 42 


VI 29 




n is 


ft 91 


1.35 


X12? 


/ i 


ft 71 


1 44 




n iq 


-ft S6 


1 10 


Y129 k 


ft 11 


-ft 20 


• 1 00 


Y12?- 


t - 


fl 7R 

v. to 


0.27 


\32 


X\79 




ft 6R 


0.21 


1.28 


Y12? 


N 


ft 46 


0.53 


1.24 


Y129 


p 


0 15 


0-52 


1 11 


n;?? 


R 


0.38 


0.18 


1.00 




S 


0 67 


0.69 


1.08 


YV9 


r 


0.46 


0.14 


1.00 


Y\Z9 


V - 


024 


-0.29 


1.00 


Y129 


w 


0.47 


-Oil? 


1.01 


Y129 


Y 


1.00 


1.00 


1.00 


P130 


A — 


0.82 


0.44 


I.Q3 


b»130 


c. 


0.?? 


0.64 


0,93 


P130 


B. 


1.00 


0.22 


1.08 


P130 


F 


> r 08 


0,48 


0.89 


P130 


G . 


1.16 


■<U2 


l.n 


h?p 


H , 


U7 


o.oi 


\m 


P13P 




X.U 


0,41 


0,84 


P13Q 


k; 


1,16 


0.55 


1.05 


P13Q 




1.12 


Q.09 


0.98 


P130 


Ml 




0.76 


1.03 


P>39 


P 


1.00 


l.OO 


1.00 


P130 


R , 


1.11 


0.53 


0.95 


P139 






-0.14 




P13P 


X, , 


1.1? 


-0.M 





T«hle 10-12. Pe 


rfonnance Indices 


Wild-Type 
ReaJ 
Pot. - 


Mot. 


PAF 
PI 


PAD 

n 


Prot 
PI 


P130 


V 


1.15 


0.37 


0.94 


P13Q 


w 


1.15 


0.28 


0.80 


AMI 


A 


1.00 


1.00 


1.00 




P.. . 


1.31 


0.40 


0.80 


\m 


B 


136 


0.97 


0.88 


A131 


G 


1.66 


0.87 


0.83 


A131 


H,. ., 


1.72 


0.82 


0.75 


A131 1 




1.83 


059 


0.73 


AMI b» 


1.52 


0.71 


0.94 


A131 




1.29 


0.74 


0.69 


mi 




1.76 


1.04 


0.61 


Mn 


S 


1.48 


0.68 


0.87 


A.131 


V 


1.59 


" 0.7* 


0.89 


A131 




1.61 


•6.42 


0.65 


A131 


Y 


1.50 


0.48 


0.73 


P132 


A 


0.49 


6.08 


0.94 


P132 


C 


0.49 


5.68 


0.94 


P132 


P. 


-0.11 


-7.16 


0.62 


P132 


B 


0.19 


3.02 


0.80 


P132 


F 


0.76 


-1,33 


0.49 


P1J2 


G 


0,8? 


4.98 


0.79 


P1J2 


H 


0.50 


-1,95 


0.68 


P132 


I 


0.58 


-3.1? 


0.64 


b>132 


. - 


0.87 






|?132 


N 


0r30 


m 


0,83 


h?2 


p, 


0.0? 


Ml 


1.03 


P133 


o . 


0.41 


6.15 


0.91 


P132 


R 


0.02 


-2.1? 


0.65 


P132 


$ .._ 


1.1? 


$.05 


0.?$ 


P132 


T 


0,85 


-Ml 


0.75 


P132 


V 


0.85 


-229 


0.78 


tm 




P.77 


-2j64 


037 


P132 


Y 


1.57 


4.78 


0.(3 


K133 


A 


0,67 


0.1C 


1.01 


«U33 


C. . 


0,tt 


41] 


0.7? 


JU33 - 


6 


0.63 


0.7c 


1.01 
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Table 10-12. Performance Ind 


ice? 


wiiQ-iypc 
Pos. 


Mnt 


PAF 


PAD 
PX 


Prot 

n 


K133 1 


F 


0.86 


O.ff? 


0.73 


K133 


0 


0.97 


0.31 


0.87 


K133 


g 


1.02 


0.31 


0,87 


KL133 


I 


0.89 


0.45 


0.7? 


£133 


ic 


1.00 


1.00 


1.00 


£133 


r 


1.05 


1.92 


0.76 


K133 


M 


0.68 


0.33 


0.98 


K133 


P 


0.39 


0.71 


0,8? 


IC133 


3 


069 


0.52 


1.1? 


K133 




078 


0.83 


1.01 


K133 


s 


0.84 


0.58 


1,02 


K133 


T 


0.93 


0.39 


0,97 


(C133 


V 


0.90 


0.23 


0,87 


£133 


W 


0.97 


0.99 


0,46 


£133 




1.12 


1.44 


0,75 


VI 34 


A 


0.75 


1.64 


0.87 


V134 


c 


0.77 


1.37 


0.91 


V134 


D 


-0.08 


-0.08 


-0.02 


V134 


G 


1.71 


1.42 


0.45 


V134 




1.12 


0.89 


0.99 


VI 34 


K 


-0.08 


-0.08 


-0.02 


Y134 




1.13 


1.4? 


0,78 


V134 


M 


0.82 


1.8? 


0.53 


vm 




1.18 


2.80 


0.25 


Y134 


1 


-0.0? 


1.71 


0.43 


VIM 




0.04 


0.79 


! 0.44 


Y134 


R 


-0.08 


-0,08 


•0,0? 


VIM 




Ufi 


1.44 


0,62. 


VI 34 


r 


125 


0,86 


0,82 


VIM 




J.00 


1,00 


1.00 


Y134 


w . 


-0.08 


•0,08 


-o.o? 


VJ34 


ir 


-0.08 


-O.08 


-0.02 




D 


-0.13 


2.90 


0.27 


L135 


E 


-0.13 


0.63 


0.39 




F 


0,34 


_^L03 


P-45 


tt,135 


B ... 


0.33 


..=1.71 


..JPA8 



Table 1(1 


i-12. Performance Ind 




Wild-Type 
Res7 




PAF 
PI 


PAD 
PI 


Prot 
PI 




K 


0,66 


-L» 


—058 


U?5 .., 


L 


1,00 


1.00 


1.00 




M 


0.77 


0,7* 




U3J 


P 


-0.13 


-ui 


—052. 


L135 


o 


0.34 


0.17 


0.66 


L135 


R 


O.06 


AAl 


_.055 


L135 


s 


0.50 


-0.65 


0.44 


L135 


r 


0.73 


-0*2 


...0,50 


M35 


V 


0.83 


0.43 


MR 


L135 


w 


0.71 


-0.42 


0,36 


vm 


A 


O.60 


1.60 


0.6$ 


VI 36 


c 


0.57 


153 


0JT7 




E 


-O.09 


050 


.055 


V136 


L 


0.98 


1J3 


1.03 


Y136 


N 


-fl.09 


0.40 


056 


Y136 


P 


-O.09 


41.12 


0.52 


V136 


R, 


-0.09 


■0.12 


-O.P2 


V136 


r 


1.13 


1.1? 


0.68 


V136 


Y 


1.00 


1.00 


1.00 


V136 


V 


-o.o? 


-0.12 


-O.02 


V137 




1.07 


1.46 


, 0.64 


V137 


c 


0.98 


1.42 


0.8? 


UJI 




-0.17 


•02} 


_n ni 


V137 


E 


-0.17 


-053 


-0.01 


V137 




-0.J7 


-053 


-0.01 


V137 


G 


1.02 


0,26 


0.13 


V137 




0.98 


0.7Q, 


0,83 


V137 


L 


1.0? 


1.27 


0.82 


Y137 


U .. 


i& 


1.13 


0.8? 


V137 


N 


0.46 


-1.2? 


0.15 


V137 


P 


-0.17 


■0.33 


-O.01 


V137 




-0,17 


4& 


-0,01 


V137 


S .... 


0.96 


0.2? 


0,50 


V137 


r ._ 


1.08 


0.93 


0.73 


VJ37 


V 


1.00 


1.00 


1.00 


VJ37 


w 


-0.17 


-0.33 


.-em. 
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Table 10 


-12. Performance Indices 




Table 10-12. Pe 


rfPCB»A 


ncelndlcei 


Wad-Type 
ResJ 






n ATI 
rAU 


nrou 




Wild-Type 

Dm/ 

ACM' 




PAF 


pah 


XTUL 


Pos. 


Mnt. 


PI 


PI 


PI 




Pos. 


Mnt 


PI 


Pf 


PI 


V137 




-0 17 

—v. A / 


-0.23 


-001 




P140 


A 


1.90 


1_83 


0j61 


si?? 


A ' 


ft £Q 


1 7ft 


1 44 




P140 


c 


_03? 


1.07 


040 


S138 


p 


n £d 

vf.Ot 


1 1ft 


1 17 

A.I I 




P140 


D 


-0.45 




4> AO 


S138 


q 


-0.13 


A 1 A 

-o.iy 


A AO 

-o.uz 


• 


P140 


p 


445 


7JtO 


A IQ 


S13B 


P. 


_A 11 


_A 10 


_A A7 




PI 40 






5 11 


A Oil 


§138 


J 




111 


i no 




P140 


IT 


0.59 




O 71 


S138 


rr 


_A 11 

-0.13 


_A 1 Q 

-o.iy 


A /V) 




P14A - 


J 


0.45 


•lilt 


A 94 


5138 






A K 


A 




P14A 




-0.45 


415* 


A AO 


S13? 




_A 11 

. -VJ2 


_A 1A 


A AO 




PI 4/1 


r 


-0.45 


-0.23 


A AO 


sm 


Ml 




A 1 A 

-o«lljf 


A AO 

-o.uz 




P140 


VT 


..-0.45 


.A 71 


A AO 


513? ... ... 




A AO 

o.oz 


• 1 11 


A «T7 




pi 4fl 


p 


1.00 


1 Afl 


IDA 


SI3? 


n 


A <4 


1 1A 

1.39 


A A< 




P14A 


r% 


.,-0.45 


-1^2 


•A lo 


SI38 


0. 


-0.13 


-A lO 


-A AO 




P140 


p 


-0.45 


-2-74 




513? 


n 
\ 




A |A 


n AO 




pi 40 


s 


. 1.31 


,1 77 


043 


S*3S 


(9 


1 AA 


1 AA 

1.00 


1 AA 




P140 


T 


1.74 




A7Q 


S138 


i 


1 AA 
i.UU 


A £Q 


n ^7 




P140 


v 


0.50 


-1 12 


034 


S138 


w 


Jl 11 


a iq 

-y. 17 






PHO 


W 


0.5O 


-0.97 


0.17 


SH38 


v 


A |1 


-0 IQ 

-V. A3P 


-0 02 




PMO 


Y 


032 


-1.90 


0.24 


PI 39 


k 


o n& 


-0 15 


0 18 




PM1 


A 


J.10 


1.08 


1.13 


PH3? 


n 




-1 44 


0 15 




PHI 


a 


1.64 


-0.05 


1j02 


P13? 


t? 


4,13 


-5,11 


o.i? 




mi 


a 


2.07 


0.79 


0J>? 


P139 


F 


-0.13 


-4.13 


0.10 




PM1 


i 


..239. 


038 


0.90 


P13? - 




0.50 


-3,08 


0.23 




PHI 




7 10 

Z.3Z 


0.65 


0.74 


P13? 


B 


-0.13 


-6.03 


0.1? 








132 


0.97 


056 


P139 


It 


-0.13 


-3.71 


0.21 




P141 


p 


1.00 


1.00 


).oo 


W9 




-0.13 


-4.09 


0.J2 




mi 


0 


13? 


037 


04ffi 


?W 


L 


-0.13 


-0,17 


-0.02 




mi 


R. 


1.6? 




0,6J 


P139 


N 


4.13 


-2,11 


0.161 




fc>141 


S 


1.70 


0.02 


050 


P13? 


p - 


1.00 


1.00 


1.00 




P141 


r. 


1.84 


0.12 




P139 


0 


-0.13 


-0.32 


0,1? 


h>i4i 


V 


1,96 


0-J6 


Q.72 


P139 




0,37 


-1.04 


0,23 




U42 


A 


0.«0 


0.56 s 


0.67 


P139 


s 


0.88 


-0.52 


0.43 




L142 


c 


0.74 


0.70 


0.7* 


P13? 


r 


0.01 


-3,45 


0,15 




L142 


D . 


-0.12 


-Q.l? 




P139 


V 


-0.13 


-1,70 


,0,17 




U42 


E._ 


LOS 


0^4 


0.46 


P13? 




-0.1? 


-0.17 


4.02 




m% 


Q 


-0.12 




-0X)1 


P13? .., - 




-0.13 


-0.17 


.4.02 




M4? 


I 


0.64 




1J05 
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Table 10-12. P 


erformance Indices 


Wild-Type 
ResJ 

Pot, 


Mpt, 


PAF 

w 


PAD 
PI 


Prot 
PI 


L142 




1.60 


0,66 


0.23 


U42 


L. ... 


1.00 


1,00 


1.00 


L142 


M 


-O.J2 


-043 


-0,0* 


L142 In 


-O.J2 


-0,13 


-0.01 


L142 


P 


0,54 


0.44 


0.48 




0 


0,67 


0.33 


0.49 


U42 


8 


-0.12 


-0,13 


-0.01 


U42 




0.84 


0,31 


0.65 


M42 


XL. 


•0.12 


-0 r 13 


-0.01 


L142 


y 


0,84 


0,3? 


0.82 


L142 




2-41 


-1.8? 


0.16 


4143 


A 




1.00 


1.00 


A143 


c 


IM 


1.07 


0.81 


A143 


D 


M5 


1.22 


0.71 


A143 


IB 


1.4? 


1.13 


0,71 


A143 


F 


1> 


0.68 


0,99 


A143 


G 


1,48 


0.42^ 


1,17 


A143 


H 


2.?0 




O.70 


A143 


k 


3.16 


1,37 


' 0.62 


A143 




251 




0,71 


A143 In 


1.30 


0.82 


0,79 


AM? 


p 


,1-53 


0.39 


0.63 


A143 


0 . 


J,74 


0,8J 


0,72 


AH? 




2.15 


0,99 


0,6? 


A14? 


? 


1.77 


, 0,63 


. 0,98 


AH? 


T 


2.18 


0,?7 


0.74 


AM? 


Y 


2-45 


0.99 


. 0,81 


AM? 


W 


2-27 


-0,21 


0,37 


PH44 


A.. 


1.0? 


0.79 


0.91 


P144 


D 


1-45 


1.38 


0,60 


P144 


F 


1J82 


1.08 


0.66 


P144 


G 


J.45 


0.62 


0.78 


P144 


m 


>4>4 


1.60 


0,66 


P144 


K 


2j09 


1.09 


0.(57 


P144 


L 


M3 


1.15 


-..0.86 


P144 


w 


W4 


1,01 


.0-76 



PCT/US20O4/O4O438 





M2, P 


erformance Indices 


Wfld-l>pe 
ResV 

fs& 




PAF 
.PI 


PAD 
PI 


Prot* 


P144 


H 


1,44 


1.4? 


0.74 


P144. 




1.00 


1.00 


LOO 


PM4 


a.. 


1,37 


1,08 


0.77 


P144 




1.7<> 


1,14 


0.68 


P144 


5 


1.69 


0.92 


0.77 


P144 


r , 


1.46 


0.81 


I o.so 


P144 


Y 


2.34 


1.65 


0.70 


M145 


A., 


0.44 


0.79 


0.94 


M45 


C 


1.02 


0.93 


0.94 


MU45 


E 


0.28 


0.48 


0.74 


M145 


p 


1.49 


0.77 


. 0.95 


NJM5 


o 


' 0.48 


0.2<S 


0.92 


MM5 




0.79 


053 


. 1.16 


SM45 




1,72 


0,61 


1.07 


M145 




1.00 


1.00 


kOO 


M145 IP 


0.64 


0,78 


0.78 


W145 


b 


0,6? 


0,57 


0.86 


M14S 


R 


1,15 


0.69 


0.7? 


W45 


§ 


0.64 


0,78 


0.91 


M145 


T 


.. 1,01 


0,79 




W45 


y 


. 0,72 


0.6? 


1.00 


M145 


w 


1.15 




_..0.4? 


WIM5 


Y . 


0.94 


0.82 


..o;^ 


P146 


A... 


0.20 




-0.73 


P146 


c 


0,31 


1.69 


0.62 


P146 


F 


0,55 


1,53 


0.51 


Pl4fi 


G 


. 0,24 


1.04 


0.51 


P146 




0.50 


157 


.-0.56 


P146 II 


0.56 


2.00 


.0.53 


P146 


M 


0.39 


1-23 


0.79 


P146 


N 


0.37 


1,00 


0.7? 


PW 


P 


1,00 


1.00 


m 


P146 




0.36 


1.06 


0,66 


P146 


s 


0.46 


0,9« 


0,82 


P146 


r 


0,3? 


0.76 


0.80 




y... 


. 0,55 


0,77 


. W 
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Table 1C 


>-12. Performance Indices 


Wild-Type 
Re&/ 
Pw. 


Mnt 


PAP 

PI 


PAD 

PI 


PI 


P>46 


w 


0.56 


0.68 


0.64 


PH6 


Y \ 


0 35 


1.44 


034 


f*l47 




1.28 


0 98 


006 


HH7 


c 


094 


1 17 


1 04 


ffl47 


n 


0 Q5 


1.18 


i 00 


H147 


c 


1 11 


1 in 


006 


BM7 




-ft 19 


-fi IS 


-0 09 


H147 


CT 


i no 


i no 

A.W 


1 no 


H147 


f 


n so 


O 09 


nm 




ft. 




1 06 


n stQ 


H147 


r 

H 




1 70 


1 00 


H147 


fur 


0 

v. rJ 


1 44 


0 86 




M 

a 




1 75 


098 


HI47 


p 


1 12 


1.21 


0 71 


H147 


r% 

Vm 


0.71 


1.03 


0 86 


H147 


D 
1 


0 89 


0.94 


0.69 


H147 


c 


1.26 


0 75 


092 


«M7 


T 


1.20 


0.84 


0.85 


H147 


v 


0.96 


0.92 


0.90 


H147 


W 


0.88 


• 1.05 


0.79 


S147 


Y 


0.75 


1,12 


o r ?4 


P148 


A 


1.H 


1JK 


0.?$ 


P14? 


D 


1.03 


1^4 


0.74 


PH8 


U . 




1.19 


0.7S 


P148 


F . .... 


1,37 


1.50 


o.« 


P148 


0 


0.87 


120 


0.70 


P148 


K. 


1.7? 


}30 


0.72 


PI48 ' 


<<, 


1,<K 


129 


0.74 


P148 ■ 


P 


1.00 


J,0Q 


1.00 


P148 


0 


1.33 


0.98 


0,81 




R 


1,51 


125 


0.79 


P148 


s 


1.4G 


1.21 


0.74 


P14? 


T 


1.50 


1.P9 


0.7? 


P148 


Y 


2.43 


1.04 


0,7$ 


P148 


Y 


1-4$ 


1.37 


0.72 


W14? 


A 


021 


0,31 


US 



Table 10-12. Pe 


rforma 


nee Indices 


wiid-iype 
Pos. . 


Mat 


PAF 

n 


PAD 

AAV 

PI 


Prot# 
PI 


W149 


C 


0.18 


0.12 


093 


W149 


E 


o,W 


-0.04 


0 85 


W149 


F 


-. .M3 


031 


1 99 


on 40 


G 


J>26 


045 


1 *0 


W149 






1 01 


O ftl 


U/14Q 




-Ml 


0.24 


O Jtt 


art 40 




—0.30 


O (U 


1 (V* 


U/140 


M 


<W 


(\Al 


1 *9 


tt/140 


> 


,.-0,32 


-0 \f 


. 009 


U/14Q 


n 


0.11 


Oif 


1 10 


07140 


D 


0.04 




0_67 


n/140 


c 


0.1G 


033 


• 1_9R 


W140 - 


T 


026 


044 


a qa 


U/140 


W 


J.OQ 


1 (X 


1 00 


W140 


Y - 


0.58 


0 75 


1 15 


Pi SO 


A 


0.01 


0.54 


1.70 


Fl 50 


C 


0.43 


078 


1.41 


F150 


E 


123 


0.73 


1.32 


F150 


7 


1.00 


1.00 


1.00 


F150 


G 


O.M 


0.46 


1.13 


F1S0 


H 


0,5? 


1.18 


1.09 


F1S0 




0.4Q 


P.78 


1.1? 


F150 


K, 


0.41 


0.85 


1.33 


F1S0 




.12? 


Ltt 


.1.14 


F150 


M .... 


0.80 




1.6? 


F150 


N 


0,55 




1.52 


rcso 




0,18 


osi 


138 


F15Q 


r_. 


0,37 


Pr5S 


L27 


Fl» 




022 


0,51 


126 


F150 




0.19 


0.62 




F150 


Y 


0.72 


1.97 


U4 


0151 


A 


1.29 




0.46 


0151 


c 


l,05i 




0J8 


0151 


Q 


1.47 


2,81 


0.8? 


015] 


5_. ... 


1.14 




0.99 


0151 


F 


0.31 




021 
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Table 1( 


M2. Performance Indices 


Wuo-Type 

VJSaJ 

Pos. 


Mot 


PAF 
PI 


PAD 
PI 


Ptwt 


0151 


a • 


1.06 


2,1? 


0,94 


0151 


i 


0.08 


-2,76 


0.16 


ni51 


K 


1,07 


2,19 


11.04 


fH5i 


L 


0.40 


-1.53 


Q.I7 




H 


1.24 


636 


0,24 


ni5i 


P 


135 


m 


f»r50 





0 


1.00 


1.00 


. 1.00 


L2121 


K 




2.32 




LU2L 


5 


. 1,05 


2,25 


. M6 


m 5i 


L 


1,24 


2.37 


. o.« 




V 


0,36 


-1.65 


0,25 




w 


0.77 


0,32 


_Pr?3 


LF131 


Y 


.. 1.01 


2.75 


0.41 


r 15? •. 


A, 


0.88 


1,2? 


0.85 


kl2£ 


C 


1.00 


114 


..Q.97 


T 159 


D 


. ),07 


0.86 1 


0M 


r 159 


E 


10? 


1,23 


0 f ?3 


r 159 


G 


1.08 


0,77 


0.85 


r 15? 




1.09 


0.92 


Q,?3 


LI 52 


I ! 


. 1,04 


0,6)1 


P.77 


LI 52 




Ml 


0.91 


0.93 


LI 52 


L 


1.00 


1.00 


1.00 


L152 


£1 


0,?? 


1.10 


0.82 


L152 


P 


0.81 


0.61 


0.54 


L152 


0 


1,07 


0.76 


0.84 


H52 


R, 


1,20 


0.91 


0.89 


L152 


s 


1,12 


0.84 


0.84 


U52 


r 


112 


0.69 


0*2 


U52 


V 


1,22 


0.88 


Q.83 


L152 


w 


1.18 


1,55 


0.74 


L152 


X" 


1.0? 


U7 


0.89 


1153 


A. 


1,1? 


1.4? 


0J6 


1153 


F 


1,23 


_J,75 


. A47 


1153 


H 


1.46 


2.W 


_Pr56 


1153 




1,00 


1.00 


MX) 


115? 




1,62 


2.44 


0.43 
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Table 1( 


M2. P 


erformance Indices 


Wild-Type 

H£SJ 

Pos. 


Mnt 


PAF 

rx 


PAD 

n 


Prot 


T15^ 


| 




1.50 


0.82 


F151 


M 


0.72 


. P.8J> 


1,04 


ri5i 


D 


0.25 


—1.87 


0,31 


[U^ 


B 

5 


0.87 




0.61 


U153 




Ml 


m 


0.64 


11133. 


V 


0^ 


u$ 


0.78 


C1 <if 


r\ 


.-P.19 


-m 


-0.02 


7 154 


J,. - 


-<U? 


-1-0* 


-0.02 


ct C>l 


j 


1.00 




1.00 


CI <.A 

«154 


J 


.. -o.l? 


-0.64 


0.17 






-0.19 


-1.06 


-002 


CI </l 


p 


-0.19 


-1,00 


-.•O.02 


F154 


Q_ 


A39 


0,9? 


. .0.45 


F154 


S 


0.1? 


—0,2? 


.-0.35 


F154 


r 


0.12 


-1.76 


0.19 


Fltt 


V 


-0.19 


^14.19 


0,18 


F154 


Y 


1.32 


, 4,96 


0,92 


mis 


A 


0.99 


2.59 


0.83 


E155 


D 


1.08 


134 


0.89 


E155 




l.oo 


1.0Q 


J.QQ 


E155 


F, 


1.07 


0.23 


„J?,60 


(5I55 




1.17 


1.12 


. S>M 


E155 




0.95 


0.65 




5155 




1.23 


133 


0.83 


E155 




Ul 


2.07 


0.60 


E1S5 \M 


0.73 


251 


0.74 


E155 


N 


0.7? 


1.7? 


0.86 


5155 


P 


0.79 


2.60 


0.65 




a_ 


0.90 


0.69 


0.87 


tel55 


ft 


1.47 


-0.07 


0.71 


E155 


s 


1.08 


1.12 


0.82 


E155 


r 


US 


U9 


0.76 


m?5 


V 


0.79 


0.47 


0.63 


E155 


y 


1.27 


2.65 


0.55 


Q156 




0.99 


1,21 


0.88 


Q156 




IM 


W7 


0.84 
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TaUcK 


)-12. Performance Indices 


Wad-Type 

ResJ 
SjBi 


Mat 


PAF 

n 


PAD 
PI 


Prot 
PI 


G156 


D 


p.90 


1,62 


0,» 


Gift 


E 


0.94 


1.14 


041 


G156 




0.90 


0.73 


1 0.78 


0156 


G 


1.00 


1.00 


IjOO 


GJ56 


H 


1.04 


1.40 


0-84 


Gift 


I 


0.70 


-0.08 


0.44 


Gift 


K 


1.10 


1.11 


0L88 


Gift 


L 


0.90 


0.94 


0.74 


Gift 


M 


1.09 


1.62 


0.80 


Gift 


N 


1.07 


1.38 


0.97 


G156 


P 


• 1.44 


1.29 


0:59 


Gift 


R 


1.0^ 


1.2! 


0.80 


Gift 


S 


1.02 


1.04 


0.88 


Gift 


r 


LIS 


1.53 


0.79 


G1S6 


V 


0.88 


0.97 


0.58 


GJ56 


w 


0.89 


0.9d 


0.56 


G156 


V 


0.96 


1.40 


0.80 


G157 


A 


0.77 


0.87 


1.00 


5157 


c 


0.96 


0.61 


0.92 


G157 


p 


0.93 


0.94 


0.41 


G157 


f? 


0.98 


0 f 84 


0.61 


G157 


F " 


1.27 


1.42 


0.61 


G157 


G 


l.op 


1. 00 


1.Q0 


0157 


H 


1.14 


l.?7 


0.70 


G157 




l.U 


U3 


0,36 


G157 


K 


1,23 


1,47 


0.46 


G157 


M , . 


0.96 


0,8? 


.0.70 


G157 


P 


0.86 


0,01 


.0,31 


G157 


R 


1.51 


-0,10 


0.42 


G157 


S 


1.30 


0,19 


04>3 


0157 


T 


1,74 


0.99 


0.68 


0157 


Y 


Ir*3 


0.40 


0,59 


515« 


A 


M? 




P.91 


E158 


C 


iM 


1.37 


P/¥7 


EJ58 


D 


U9 


0.89 


0.82 


E158 


E 


1,00 


1,00 


..Ijop 



Table 1( 


ma r* 


:rforma 




tees 


Wild-Type 
RcaJ 


MPt. 


PAF 
_H 


PAD 

-IX... 


Prot 
_EL 


E158 


F 


2,06 


_L77 


_C46 


E158 


a J 


—2.40 


1.01 


_fl^9 


E15« 


i 


MS 


, 0.94 


0.76 


El» 


K 


2.08 


-UK 


0.62 


El» 


L 


_U? 


IM 


€.70 


E158 


M. , 


_L» 


1.73 


-0.71 


El» 




1.41 


_1» 


0.82 


E158 


e_ . 


1.41 


. 1.19 


0.85 


5158 


0 


1.49 


1.24 


—0.85 


E15* 


«^ 




- 159 


0.« 


E158 


s .. . 


. 1.57 


.. 157 


0,82 


E1S8 


IT.. 


1.45 


Wl 


0.77 


E158- 


SL_.. 


1.52 


0,8? 


o^l 


E158 


W.. 


1.77 


Ul 


0.67 


E1S8 


y 


1.77 


2.48 


0.57 


01» 


a_ 


1.08 




1.13 


0159 




1.13 


0J1 


0.79 


0159 


D . 


1.09 


o.« 


0.90 


0159 


E 


0.99 


0.97 


1.14 


on?? 


o 


P,?6 


P.72 


1.03 


015? 


& 


Q.96 


1.48 


0,90 


015? 


L_ _ 


. J.02 


0.70 


0,83 


0152 


M 


, .1.07 


U.o4 


U.83 


015? 


P 


m 


0.49 


0,81 


015? 


O 


1.00 


1.W 


1,00 


015? 


R 


1.15 


0.74 


0,76 


01S9 


8_._ 


1.10 


.0.73 


P,8] 


U60 


A 


059 


i 1.14 


0,86 


K16Q 


C 


0.48 


1-29 


0,77 


Kl» 


P 


•0.15 


1.19 


0.40 


k;i« 


G 


0.91 


0J0 


0r56 


K16Q 




0.98 


0.57 


0.65 


K160 


• 


0.97 


1.00 


0.78 


JC160 




1,00 


IjOO 


1.00 


S160 




0.97 


055 


-0J7 


KIM 




0r31 


_J47 


0.78 
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Table 10-12. P 


erformance Int 


H« 


Wild-Type 

Boy 

Pos. 




PAF 
PL. 


PAD 
fl 


PruL 
H 


K160 


N 


037 


1.12 


0.65 


K160 


p 


-0.15 


1.66 


- 


K160 


0 


0.45 


1,4)1 


0.75 


FClfiO 


R 


0.83 


1.15 


0.7$ 


K160 


s 


0,8? 


0,70 


0.74 


KlfiO 


w 


0,8? 


-0,34 


Ml 


T161 


c 


0.84 


0,56 


im 


T161 


D 


-0.14 


-0.2J 


-0.0? 


T161 


E 


-0.14 


-0.21 


_A02 


T161 


a 


0.92 


0.43 


0.94 


Tlfil 


H 


I 1.82 


4.15 


0.42 


T161 


L_ 


MO 


0,9? 


-9,91 


T161 


L 


1,25 


1.16 




T161 


Mt 


9.57 1 


1.72 


o,» 


ri6i 


N 


0,80 


-Q.86 1 


0.3? 


nfii 


P 


-0,14 


-0,21 


-0,0? 


n« 


0 


1.04 


1,50 


0.?0 


ri6i 


R 


3.61 


•1.68 


0,4? 


n«i 


b 


. .0.?2 


0.57 


. Or?? 


nfii 


T 


1,00 


1,00 


- 1.00 


n« 


Y 


1,27 


....1,24 


1.00 


nei 


W 


' 1,41 


. 0,00 


0,5? 


n«i 


Y._ 


2,40 


, 2,62 




T16? 


C 


0,?5 


3.57 


_L17 




p 


0.99 


3,23 


.. 1.05 


ri62 


G 


1.00 


1,8? 


0,88 


rm 




1,02 


_3,?J| 


1.08 


n« 




0,9? 


2,21 


1.16 


H62 




1.22 


3.13 


0.98 


ri62 




1,00 


..3,59 


1.05 


TM2 


M 


0.77 


3.49 


0.8? 


H62 


H.. 


0,83 


3,84 


0 f ?8 


TJ62 


P 


0.96 


-AM 


0.81 




0 


0.93 


2.45 


..0,8? 


H62 


R 


1.17 


IM 


PJO 


nra 


s 


0.98 


2,01 


0.97 
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Table 1( 


J-12. Performanw Tni 


iioes 


Wfld-iype 

ResV 
KflSi 




PAF 


PAD 

n 


Prot 

w 




T 


1.QP 


1,00 


1.00 




V 


1.15 


2.04 


_ft?5 


jw 


r 


1.03 


2.89 


-AM 




a 


1.11 


1.79 


_P,73 


El« 


c 


1.11 


1.08 


0^7 




D 


! 0:90 


1.08 


0.82 




B 


1.00 


I JOG 


LOO 




F 


1.07 


OXT 


-0.4? 




O 


\ns 


OM 


_P.7? 




3 


1.32 


0J82 


0,6? 


E163 


L 


i.soj 


1.94 


0,5? 






0.91 


1.00 


-0.77 


ei« 


p 


0.08 


0.77 


-.0,30 


E163 


R 


1.1? 


. 0.49 


S>.72 


E163 


$ 


1.12 


OJBS 


—0.81 


EJff 


V 


1.13 


0.55 


—0.6? 


Pi« 


W 


\n 


0,98 


. 0,4? 




Y 


1.41 


1.8? 


0,60 






-0.14 


-0.85 


0,21 


DL164 


c 


, 0,0?, 




, 0,6? 


LI 64 


D 


-o.M 


-0,85 


- 0,1? 


r t £. a 


6 


■fi.14 


. -0,48 


-.0.18 


r \ fji 


F 


.. .0.50 


0^ 


Vtln 


L164 


o 


..-0.14 


•0,14 


...0.1? 


U64 


H 


_.o,02 


0.12 


0.16 


L164 


L 


1.00 


1.00 


1.00 


L164 


M ... 


0.69 


1*26 


. 1.0? 


L164 


N 


•0.14 


Ml 


0,26 


U64 


P 


•0.14 


. 2.41 


_.9.17 


M64 


0 


-0.14 


1.01 


0.24 


"64 




41.14 


1.61 


0.17 


M64 


s 


.0,32 




0.25 


L164 


r 


0.82 


0,9? 


_J),52 


M64 


V 


0.87 


. m 


1.0? 


tan 


Y 


0.43 


..-1.28 


0.20 


IA165 


A, 


1.00 


1.00 


-1.00 
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Table 10 


1-12. P€ 


rformanee Indices 


Wild-Type 
ResJ 
Pw. 


MPt. 


FAF 
Pf 


FAD 
PI 


xTOt. 
Pf 




C 


ft 00 


1 no 


a 07 


AJ65 


D 


ft RO 


1 AO 


ft £9 


A165 


F. . 


— LA* 


1 ftA 

1 .uu 


SLZft 




<? .. 


1 A« 


1 AT 


.... aJ* 


M65 


I 


1 1*9 


A <Q 

o^y 


A £A 
U.04 


A165 


K 


1 

— L?5 


A Q1 
O.OZ 


A 9C 

U./o 


A165 


L 


1 AO 

1.U8 


1 <c 

1.5!> 


A 9 A 
U. /O 


AJ«5 




o,y7 


, Jd?9 


U.77 


A165 


N 


1.01 


1 .20 


A A1 
O.V1 


A165 


P 


1.14 




A Ol 


AM55 


0. 


1.21 




1 AC 

, 1.95 


A165 




1.70 


% OA 

i^y 


A ST 


AI65 


s 


l.OU 


A OA 
0.V4 


1 A< 


AJ65 


r 


i iff 
1.18 


1 9.9 
, JL32 


A CI 


A165 


V 






A CC 


Al« 


Y 


1 OA 

1.20 


A C4 
0.54 


A JC9 


R166 


A 


A T2 
U. / J 


1 51 


1.1/ 


R.I66 


D 


ft 5A 


1 55 


MO 


R166 


F. 


1 AA 


1 1ft 


ft R5 


R166 


G 




O 01 


1 10 


R166 




• 1 7ft 




0. 07 




l 


1.26 


1.39 


0.86 


M66 




1.17 


1.20 


1.19 


R166 




1.27 


1.50 


1.08 


R.166 


M 


0.65 


1.29 




R166 


N 


0.75 


1.21 


1.16 


R166 


P . 


0,4? 


1.50 


0.97 


R166 


R, 


1,00 


>.oo 


1.00 


R166 


§ , 


u« 


0.95 


0,98 


R166 


T 


1,1? 


0,74 


1.04 


R166 


Y 


1.17 




0,94 


R166 


W 






0,80 


R166 


Y 




1.22 


0.85 


V167 


A 


0.5(5 


4.99 


0,?? 


V>67 


c 


0.79 


5.37 


1.01 


Y167 


p 


.9,5* 


5,54 


P.?8 
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Table 10 


1-12. P« 


irfonns 


nee Indices 


Wild-Type 
ResJ 




PAE_ 
._EI. 


FAD 
PT 


FTOu 
PT 


Y167 




. 0,9? 




1 Aft 


V167 


a... , 


1.93 


9 11 


1 19 


V167 


i , 


1,Q8 


1 OA 


1 f\A 


V167 






9 OS 


1 19 


V167 


r 


0^3 




1 £\A 


Y167 


r ■■ 


P.3) 


£ AO 

6.08 


A 0< 

0.85 


Y167 


r 
O 


0,55 


9 A1 


A tV7 

0.517 


VI 67 


R 


0.78 


9 9C 


A OO 

0.88 


Y167 


s 


0.96 


1.86 


1 ftA 


V167 


r 


1.13 


9 >I9 


A AiC 

0.96 


Y167 


V 


_1.00 




1 AA 

1.00 


Y167 


Y 


L07 


9 15 


A OA 


Y16? , 


C 


. m 




A «9 
VM. 


Y168 


P._... 


r0.ll 


'1 Ofi 


A Al 




P 


-0,11 


-1 Oft 


-ft fil 


vm 


p 


0.68 


5 17 


1 9ft 


n« 


G 


!r$9 


A(\ 74 


ft 91 
VrrfV 


yiw 


flt 


-o f u 


.1 OX 


-ft (V? 


Y168 




0,83 


-ft 50 


0.90 


Y168 


fH 


-Q.U 


-1 98 


-0 03 


Y168 


I 


0.59 


5 39 


1^7 


Y168 


N 


-0,11 


-1.98 


^).03 


Y168 


> 


-O.ll 


-1.?? 


-0.P3 


Y168 




0.28 


-8^7 


• 0^5 


Y168 


k 


-0.11 


-1.98 


-0,03 


Y168 


s 


-0.11 


-1.98 


-0,93 


YJ68 


T 


1,51 


-22.96 


0,3? 


YJ68 


V 


1.19 


-12,?6 


9.57 


Y168 


w 


-0.11 


-1.98 


-9.03 


Y168 


Y 


1.00 


1.00 


1.00 


S16? 




0,94 


1.13 


0.95 


S16? 


c 


1,03 


U? 


0,78 


S169 


I 


1.16 


1-53 


0.66 


5169 






1^7 


0,94 


S169 


L 


\ 1.08 


1.47 


0.82 


S169 


M 


0.86 


1.40 


_9.86 
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Table 10 


^12, Performance Indices 


WM-Tvoe 
Rea/ 




PAF 

nr 


PAD 

m 
fl 


Prut 

Tjrr 


SI 69 




• U.57 


A OA 


vfiy 


Sl<» 


Q 


1 AA 


lt37 




S169 




U4 


1 1A 

1.1? 


A 11 

0.77 


S169 


5.. 


l.OO 


1.00 


1 aa 

1.00 


S169 


T 


111? 


0.97 


0.82 


S169 


Y 


1 .26 


1.10 


0.77 


A17© 




l.oo 


LOO 


1.00 


A170 




i.15 


1.06 


1.02 


A1TO 




1^7 


132 


Or?? 


A170 






1.17 


0.99 


A170 


p 


1.44 


1.17 


0.83 


A 170 


b 


159 


0.62 


0.96 


A170 


i 


159 


0.44 


0.95 


A170 




-JLZ1 


0.83 


0.96 


A170 




1.05 


0.85 


0.87 


A170 


M 


1.03 


1.28 


0.93 


A170 




12} 


- 1,17 


0.96 


A170 




0.75 


lt33 


A OA 


A170 


Q 


1.15 


0.89 


A AO 

0,9? 


A170 


§ 


1 ah 

M7 


0.47 


A AA 


A170 


TP 

T 


J, 40 


a in 

U.7Z 


A QdZ 

0.5$ 


A170 


V 


1 9ft 


ft 74 


ft ftl 


AI70 


W 


1.04 


0.83 


0.82 


A17P 


Y 


Q^P 


0.89 


0,89 


L17* 




035 


1.66 


0.79 


LJ7I 


b 


0.56 


1.73 


0.97 


L171 


D 


-0.06 


-0.13 


A0\ 


M71 


F 


130 


1.97 


P.87 


L17H 




>J26 


133 


0,50 


L171 


H 


J,«7 


1.07 


Q.6J 




I 


1143 


1.42 


1.16 


L171 


K. 


2.05 


1.53 


031 


M71 


L 


1.00 


l.oo 


J.0Q 


U71 


M 


0,5? 


! 2.22 


0,90 


U71 


N 


0.96 


2.79 


0.40 


U7J 


0 


0,97 


1.93 


0,67 
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Table 10 


1-12. Performs 


nee Indices 


Wild-Type 
Reft/ 
P«?s, 




FAEL 
m 

-JW 


PAD 

nrr 

El 


Prot 

—Kl 


M71 


D 


A *»t 


A AA 


A *%A 
Pr24 


M7H 


5 


LS3 


— 1-76 


A *fn 

— ,0.72 


L171 


r 


L54 


1*30 


0.80 


L171 


V 


1.0? 


_L39 


—0.92 


L171 


X 


1 AA 


L35 


0.88 


A172 




1.00 


1.00 


1,00 


A172 




1.20 


AM 


—1.09 


A172 


p 


-0.15 


1.42 


0.16 


A172 


E 


-0.15 


_A44 


0.19 


A172 




J.41 


P.S4 


1.07 


A172 


i 


1.70 


0.58 


_JL30 


A172 




■ o f 9? 


•0.43 


0.17 


A172 




WO 


1-22 


0.70 


A172 


Mt 


0.84 


1.06 


0.84 


A172 


N 


0.37 


0.76 


030 


A172 


P 


-0.15 


0.58 


0.16 


A172 


o 


0.27 


.JU? 


. .0.34, 


A172 




A A 4 

0.44 


A 1 O 

4.18 


A AA 

0.20 


A172 


s 


lr?9 


A O C 

0.8? 


A tSAZ 

0.99 


A172 


r. 


1 o< 

L25 


931 


A fl< 

0.°3 


M72 


Y. 


1 i4A 

_JL£B> 




A CI 


AI72 


w 


1.43 


0.45 


0.12 


A172 




0,87 


1.7$ 


9.1? 


S173 


A 


0,81 


2.72 


0.95 


sm 


b 


0.8? 


3.07 


0.59 


5173 


E 


0.78 


2.65 


0.90 


S173 




0.96 


230 


0.71 


3173 


H . 


1,07 




0.95 


S*73 


1 - 


0.99 


2.22 


0.78 


SJ73 




in 


3.01 


0.91 


S173 


L 


1.1? 


3.86 


0.77 


5173 


M 


0.80 


3.01 


0.84 


S173 


p 


0,19 


2.ft 


Q.35 


S17? 




1.09 


2.47 


0.82 


S173 


3 ... 


1.00 


1.00 


1,00 


S173 
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EXAMPLE 11 

Cloning and Expression of a SSnorhizobium meliloti RSST02162 
M smegmatis Perhydrolase Homologue 

In this Example, cloning and expression of a S. meliloti perhydrolase homologue 
are described. Hie sequences used in cloning and expression are provided.below. The 
gene RSM02162 (SEQ ID NO:625) was synthesized by DNA2.0. The gene was given 
the designation "000355" and was provided cloned into the commercially available 

10 vector, pDRIVE (InvivoGen). The gene was amplified by PCR from this clone using the 
primer set G00355ibsF/ G00355R, Tag DNA polymerase (Roche) as per fhe 
manufacturer's directions, with G00355 as the template (10 ng/50 jd reaction) and 10 
picomoles (per 50 |xl reaction) of each primer. The amplification was carried out in an 
MJ Research PCR machine using 30 cycles of (1 minute at 95°C; 1 minute at 55°C; and 1 

15 minute at 72°C). Hie amplification of the correct size fragment was confirmed by 
agarose gel electrophoresis. The fragment was cloned directly into pCR2.1TOPO 
(Invitrogen) and transformed into £ coli ToplO cells (Invitrogen). Transformants were 
selected on L agar containing carbenicillin (100 (ig/ml) at 37°C. The correct construct 
was confirmed by sequence analysis and designated "pMC355rbs." Figure 20 provides a 

20 map of this plasmid. 

Prima: sequences: 
G00355rbsF 

5*-gg<xa*aacaggaggaattaaccatggtgga^ ' (SEQ ID NCk626) 

25 

GO0355R 

5 '^cgcgcttagaacagagccgctactttgtcagc-3 * (SEQ ID NO:627) 

30 Gaiesequaice(indudingstopcodon)ofRSM02162: 
5'- 
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atggtggaaaaacgttccgttctgtgcmggtgattctct^^ 
accratacgaaragegttggaccggtgc^ 
actactagcctggacgacccaaacgacgctcgtct^ 
tctggtaatcattat^gggtaccaacgacaccaaaagcta^ 
ggtaggtcaggtcctgacxtgtgcaggtggtgttggtacgccttatccagcaccgaa 
caccaatgccagatccgtggttcgaaggtat^ 
gctgatttcatgaaagtggagttcttcgcagcgggtgattgtatctcx^ 

aacatccgcctgggtcatgctattgctga<^aagtagcggctctgttctaa-3 ' (SEQ ID NO:625) 



10 



20 



G00355 Proton sequence: 



MVEKRSVLCTGDSLWGWIPVKES^ 
15 I^ARTTSUJDFNDAR^ 

NGMGKLVCKJVLTCAGGVGTPYPAPKVLWAPPPIAPMPDPW^ 

KEISGLYKALADFMKVEre^ 

(SEQIDNO:628) 



Compile sequence of pDRIVEG00355: 



gcgcccaatacgcaaacxgcctctccccgcgcgttggccgattcatt 
25 gggcagtgagcgcaacgcaattaatgtgagttagctcactcattaggcaccccaggctto 
tgtggaattgtgagcggataacaafficacacaggaaac^gctatgacx^tgattacgc^ 
aaagctcggfcccacgcatgctgcagacgcgttac^ 

atagcatgacccaggcggatgttggtttcagcgctcaggtggataccgtcgataccgtcggtgga^ 

agaactccactttcatgaaatcagccagtgctttgtacagaccggacagtlxx^ 
30 gaaccacggatctggcattggtgccagtggtggaggjgcaaccaccaggactttc 

tgcacaggtcaggacctgacctaccagtttacccatgccgttggcaatrtcgto 

gtacccagcataatgattaccagatccagtggcaggtgagaagccaffl 

gtcgmgggtcgtccaggctagtagtacgagcggacaggccttcttcaatgatgtggtaac^ 

caccggtccaacgctgttcgtatgggtaacgcagagttggggagrt^ 
35 aaagcacagaacggaacgtttttocaccataatctgpatto 

ggggcccgagctcgcggccgctgtattctatagt# 

gggaaaaocctggcgttacccaacttaatcgccttgcagca^ 

cgatcgccc^tcccaacagttgcgcagcctgaatggcgaalggaaatt 

taaatcagctcattttttaaccaataggccgaaatc^ 
40 ttccagtttggaacaagagtccactattaaagaac 
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actacgtgaac^tcacxxtaatcaagttttttggggtcgaggtgocgta^ 
ttajmpcttpacggggaaagcc^^ 
gcaagtgtagcggtcacgrtgcgcgtaaccaccaracccg^^ 
cggggajratgtgcgcggaacccctatttgt^ 

5 cttcaataatattgaaaaaggaagagtatgagtattcaacatttccgjg^ 
gc^cccagaaacgtfggtgaaagtaaaag^ 
gcggtaagatccttgagagttttcgccccgaagaacgttttccaat^ 
cgtattgacgccgggcaagagcaactcggtcgccgcatacact^^ 
gcatcttacggatggcatgacagtaagagaattatg^ 
10 aa<ffitcggaggaccgaaggagctaaccgctttttt^^ 
ctgflflt gaagci^nrraflflr. gflCffl^ 

gaactacttadctafflttoocggcaaca at ta a taga 



gccctoccgtategtagftatctaca^^ 
IS tcactgattaagcattggtaactgt cagaccaa gtttactcatatatactttagattgattt a a aa cttcatttfta atttaaaaggatctag 
gtgaagatcctttttgataatctcatgaacaataaaactgtctgcttacataaa^ 
gggaaacgtcttgctctaggccgcgattaaattccaacatggatgctgattt^^ 
aatcaggtgcgacaatctatcgattgtatgggaagcccgatgcgOT^ 



20 tgcatggtta<^caccactgcgatccccgggaaaacagcattccaggtattagaagaata 
gcgctggcagtgttcctgcgccggttgcatt^^ 

caatcacgaatgaataacggffiggttgatgcgagtgatfflgatgacgagcgtaatggctggc^ 
atgcataaacttttgccattctcaccggattcagtcgtcactca^ 
aggttgtattggtgttggacgagfcggaatcgcagarcgataccaggat^ 
25 tcattac^gaaacggctttttcaaaaatatggtattgataatcctgatdtgaataaa 
gaattaattcatgaccaaaatcccttaacgtgagttttcgttccac 
gatccttttffictgcgcgtaatctgctgcttgcaaacma 
caactctttttccgaaggtaactggcttcagcagagcgcagataocaaatactgt^ 
caagaactctgtagcaccgcctaratacctcgrt 

30 



gcgaacgacctacaccgaactgagatacctacagcgtgagcta^agaaagcgccacgctt 
aggtatccggtaagcggcagggtcggaacaggagagcgcacgagggagc^tccagggggaaac^ 
tgtcgggtttcgccacctctgacttgagcgtcgat^^ 
cggcctttttacggttcctggcctmgctggcctmgct 
35 cctttgagtgagctgataa^ctcgccgcagccgaacgaccgag<^cagcgagtcagtg 
(SEQIDNO:629) 



40 Complete sequence pMC355rbs: 
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agcgcccaatacgcaaaccgcctctccccgcgcgttggccgattcatto 
cgggcagtgagcgcaacgcaattaatgtgag 
gtgtggaattgtgagcggataacaatttcacaca^^ 
5 ctagtaacggccgccagtgtgctggaattcg(^^ 

mggtgattctctgac^ggggctggattccggtgaaagagagctcccc^ 
gctatggctgcacgtctgggtgatggtta<rac^^ 
cgctogtctgaacggctctacctacctgc^^ 
gacaocaaaagctactttcatcgtaccccatacgagattgc^ 
10 gtggtgttggtacgccttatccagcarc^ 

ggtatgttcggcgg^ggftacgagaaatctaaggaactgtccggt^ 
gc^gcgggtgattgtatctccaccgacggtatcgacggtatccacctgagcgc^ 



agagggccc^ttcgccctatagtgagtcgtattacaattc^ctggccgtcgttttacaa 
IS acccaacttaatcgccttgcagcacatccccctttcgcca 




ccgcaac^gccagcgccc^ 
ctaaatcgggggctca^gggttccgatttagtgctttac^ 
gtgggccatcgccctgatagacgg^cgccctttgacgttggagtccac 
20 acartcaaccctatctcggtctattctmgatttataagggatmgc^ 
atttaacgcgaattttaacaaaattcagggcgcaagggctgctaaag 
gtgctgaccccggatgaatgtcagctactg^ 
gtgggcttac^tggcgatagctagaclgggcggttttatggacagcaagcga 
aggttgggaagccctgcaaagtaaactggatggctttcttgcx 

25 



atgactgggc»caacagacaatcgg<%ctctga^ 

accgacctgtccgg^gccctgaatgaactgcaggacgaggcagcgcggctatcgtggrt 



ccttgc^gccgagaaagtatccatcatgg^ 
30 accaagcgaaacatcgcatcgagcgag(^cgtactcggatggaagccggtcttgtcgatc^ 

aggggctcgcgccagccgaactgttcgccaggctcaaggcgcgcatgcccgacgg^ 

tgcctgcttgccgaatatcatggtgg^ 

ggacatagcgttggctacccgtgatattgctgaagagcrt^ 

ctoxgattcgcagcgcatcgcct^ 
35 gtgtcgcccttattccctttmgcggcattttgccttc^ 

agttgggtgc^cgagtgggttacatcgaactggatrtcaacagcggtaagatccttgaga 

tgatgagcaOtttaaagttctgctatgtgg^ 
attctcagaatgacttggttgagtactcac^ 
ccataac^tgagtgataacactgcggccaacttacttctgac^ 
40 atgggggatcatgtaactcgccttgatcgttgggaaccggagctgaatgaa 
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o^gtagcaatggcaacaacgttgcgcaaactattaactggcgaacta^ 

gaggcggataaagttgcaggaccacttctgcgrtc 

tgggtctcgcggtatrattgcagcartggggccag rt^ 

actatggatgaacgaaatagacagatcgctgagataggtgcctcartgatfa 
5 tactttagat tg s t ttaaaa c ttcatttttaatttaaaaggatcta ggtffl 
. agttttcgUccactgagcgtcagaccccgtagaaaagatcaaa 

aaacaaaaaaaccaccgctaccagcggt ggtttg^gccggatcaagagctaccaactctttttcc^ 

gagqgcagatarcaaatactgttcttctogtgtagccgta 

ctctgctaatcctgttaccagtggc^grtgccagtggcgataagte 
10 aggcgcagcggfrcgggctgaacggggggttcgtgcara^ 

acagcgtgagctatgagaaagcgcxacgcttcccgaagggagaaaggc 

aggagagcgcacgagggagcttccagggggaaacgcctggtatctttatagtcc^ 

cgattfflgtgatgctcgtcaggggggcgga^ 

ccttttgctcacatgttcttta%^ 
15 gccgdacgaccgagcgcagcgagtcagtgagcgaggaagcggaag (SEQ ID NO:630) 



Expression of the Homologue from pMC355rbs 

20 To express the S. meliloti RSM02162 protein from the plasmid pMC355ibs (&e, 

Figure 20, for a map of this plasmid), a single colony was inoculated into a 5 mis of L 
broth containing 100 jig/ml carbenicillin and grown overnight at 37°C with shaking at 
200 rpm. Lysates were prepared by pelleting the cells from 1 ml of the overnight culture 
by centrifiigation and lysed with BugBuster (Novagen). The superoatants were assayed 

25 using the pNA activity assay, perhydrolysis assay, and a pNC6 assay (to test its ability to 
hydrolyze carbon chains longer than C4), as described herein. 



Assay Results 

30 The following Table CTabie 1 1-1) provides a comparison of the hydrolysis activity 

of pNA by G00355 as compared to the M. smegmatis perhydrolase 



I Table 11-1. pNA Hydrolysis Activity ~ I 
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Strain 


Rate Compared to 
pNA Hydrolysis Perhydrolase 


E eo/i/pMSATNcol 


85 


1 


E. co/i/pMC355rbs 


80 


0,94 


E. mlihiCR2A 


34.6 


0.41 



♦Rate is absorbance units/min read at 405 ran in a spectrophotometer. 

Hie following Table (Table 1 1-2) provides a comparison of the peAydrolysis of 
triacetin by G00355 compared to theM smegmatis perhydrolase. 



TahlA 11-1. Trtacetin Perhvdrorvsis Activity 


Strain 


Perhydrolysis 
Activity 


Max 


Vmax 


E. eo/i/oMSATNcoI 


1.04 


11.88 


E, co///pMC355rbs 


1.17 


25.05 


E. co/i/oCR2.1 


0.1 


2.9 



The following Table (Table 1 1-3) provides a comparison of pNC6 hydrolysis by 
G00355 compared to the M. smegmatis perhydrolase. 



Table 11-3. pNC6 Hydrolysis Activity 


Strain 


pNC6 Hydrolysis 
Rate* 


Rate Compared to 
Ms. Perhvdrolase 






E /v>7i7pMSATNcoI 


0.58 


1 


R. co/i/pMC355rbs 


6.57 




R ™/i/pCR2.1 


0.47 


0.8 



♦Rate is absorbance units/min read at 405 nm in a spectrophotometer. 
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As these results indicate, the homologue RSM02162 from S. meliloti identified by 
amino acid sequence homology to the M. smegmatis perhydrolase demonstrated similar, 
. albeit less perhydrolysis activity than the Af. smegmatis perhydrolase. However, this 
enzyme exhibited different substrate specificity, as it was able to hydrolyze pNC6, while 
5 the wild-type M smegmatis periiydrolase cannot 

The results of die pNC6 hydrolysis assay indicated that certain 
positions/substitutions provided an improvement in the ability of the enzyme to utilize 
longer chain substrates The positions and substitutions identified in preliminary screens 
are provided in the following Table, ft is not intended that the present invention be 
10 limited to these specific positions and substitutions, as it is contemplated that additional 
positions and/or substitutions will also provide improved activity on longer chain 
substrates. 



Table 11-4. Positions/Subsl 
Activity in PN 


itutions with Improved 
fC$ Assay 


Wiid-Tvpe Residue/Position 


Amino Acid Variant^) 


LI 2 


G,P,Q 


S54 


L.T 


1153 


F,P 


F1J>4 


0,5, T.Y 


1194 


G 


F196 


A,CO,I 1 N,P,0,S 1 V 



EXAMPLE 12 

Amplification of Genes Encoding M. smegmatis Perhydrolase 
20 Homologues from Environmental Isolates 



377 



WO 2005/056782 PCT/US20O4/O4O438 

GC821-2 

In this Example, methods used to amplify genes encoding M. smegmatis 
perhydrolase homologues from environmental isolates are described 

Organisms from soil samples that were positive for the transesterificatian reaction 
were purified to single colonies. To amplify the genes by PCR, the degenerate primer 
5 sets 1AF/5AR and leF/5iR were used in a PGR reaction containing isolated chromosomal 
DNA from 8 environmental strains exhibiting the transesterification reaction, ThePCR 
reaction was earned out using Taq DNA polymerase (Roche) as per the manufacturer's 
protocol, with 1 ngof chromosomal DNA added as template and 1 0 picomoles of each 
primer in a 50pl reaction. The reaction was carried out for 30 cycles of (1 minute at 95'C; 
10 1 minute at 50 # C, and 1 minute at 72'C). Since the partial coding sequence of the 

perhydrolase gene from Mycobacterium parafortwtum was already isolated, the same 
strain was used as a positive control. The strains woe designated as: 2G, 2D, 9B, 14B, 
18D, 19C, 20 A As indicated below, 20A was typed as Mycobacterium parafortmium, 
* and 9B is Mycobacterium gilvum. Based on protein homology, it was inferred that 2D is 
1 5 also M. parafortuitum and 14B is M gilvum. 

Primer Sequences 
1AF: 

20 5 ' -gccaagcgaattctgtgtttcggngaytcnyt-3 ' (SEQIDNO:631) 
5AR: 

5'-cgattgttcgcctcgtgtgaartgnrtnccrtc-3 ' (SEQ ID NO:632) 
25 leF: 

5'-acggtcctgtgctttggngaytoiyt-3 ' (SEQ ID NO:633) 
5iR: 

5'-ccgctggtcctcatctggrtgntcnccrtc-3 ' (SEQ ID NO:634) 

30 

Amplification with the above primer sets was expected to yield bands of 
approximately 500 bp. In all cases except 2G, the 1 AF/5AR primer set produced a band 
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of the expected size. In the case of 19C, both primer sets produced bands of the expected 
size. The ~500 bp bands were purified from agarose gels using a gel purification kit 
(Qiagen) and analyzed by sequencing. While the strains 2G and 19C yielded bands of the 
expected size with both primer sets they were not the fragments encoding the AC 



Partial Sequences of 2D Peihydrolase Homologue and Protein: 
Gene: 

10 5*- attrtgtgfficggggattccttgacgtgg^ 

cgtccggtggpccggcgfertggcx^ 

ccaccgccgacgacccggccgacccccggc^ 

gacctggtgatcctgatgctcgg<»tea^ 

gggagtgcttgecacgcaggtgctcaccagcgrc^ 
15 cgccgccgccgctgggcgagrtgcccca^ 

gcccgcgtgtacagcgcgctggcgtcgtt^ 

ggacggcacccacttcacacgaggcgaaacaatcga (SEQ ID NO:635) 

Protein: 

20 ilcfgdsltwgwveegvpte^ 

addpadprij^gsqyijs(xashijijdlvilmi^ 
atqvltsaggvgtsypapqvlivapppixjelphpwfdlwsggrektae^ 
aiasfmkwffdagsvistix)\a5gthftrgen (seq id no:636) 

25 

Partial Sequences of 9B Perhydrolase Homologue and Protein: 
Gene: 

30 5'-taccgtcgatgtgtgg<xtegtgtgaa 

ctggatcccggtcgaggaaggtgtacccacc^ 

tgggtgctggctatgaggttgtcgaggaggggttgagc^^ 

aacggctcggactacctccccgcatgcctggccagccacctgccgctggacctg 

caccaaggcgaatctgaatcgcacaax^cgacatcgocagcggaatgggc^^ 
35 cgggcggggtcggcacx^c^acccggccccgcaggtgttgatcgtggca^ 

tggttcgagctggt(^cgacggcggccgggagaagaccgcccaactggaxgggtgte 

gaaggtgccgttcttcgac^ccggatcggtgatra^ 

tcgaccgg (SEQ ID NO:637) 
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Protein: 

(KJRCVASCEVGAVAKR^ 
5 GAGYEVVEEGUSARTTTADDPTDPM^ 
ANimTPVDIASGMGVIATQVLTS^^ 
VFDGGREKTAQIj^WSAIJ^FMKVPFFDAGS 
(SEQIDNO:638) 

10 

Partial Sequences of 14B Perhydrolase Homologue and Protein: 
Gene: 

5*- attctgtgttteggagattcgtt^ 
15 ggtgcgrtgg&ccggggtgctggccgacgaactgjj^ggc^ 
ccaccgctgacgaccetaccgatccccggctg^^ 
gacctggtgatartgatgctcgggaccaacga^^ 
gggcgtrctggccacccaggtgctraccagcg^ 

caccgccgccgcrtggccgagatgccgcacccgtgg^cgagctggtcttcgacggcggccgg 
20 gcccgggtgtacagcgcgctggcgtcgttca^ 

cgacggcacccacttcacacgagg (SEQ ID NO:639) 

Protein: 

IIXTGDSLTWGWIPVEEGVCTQRITKRW 
25 TADDPTDPRLNGSDYIPACIASfflJ > l^ 
IATQVLTSAGGVGTSYPAPQ\OJV^^ 

YSAIASFMKWFFDAGSVISTDGVIXjTHFTR (SEQ ID NO:640) 



30 Partial Sequences of 20A Perhydrolase Homologue and Protein: 
Gene: 

5*- ttgccaagcggaattrtgtgtttcg^ 

gttaxgcgtgacgtccggtggaccggcgtgctggccgacctgc^gggcgaccgcte 
3 5 cggcgcgcaa»ccaccg<xgacgacccggccgaoccccggct^ 
catctgccgctggacctggtgatcctga 

cgccaccggtatgggagtgcttgcxacgcaggtgcteaccagcgccggtggcgtgggg 
tgctgatcgtggcgccgccgcxgcrtgggcgagtf^ 
accgccgagttggcccgcgtgtacagcgcgctggcgc^^ 
40 caccgacggcgtggacggcaaxsictft^^ (SEQ ID NO:641) 
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Protein: 

IJSGILCTGDSLWGWVEEGVPTERFPRDVRWTGV^ 
RTTTADDPADPRIJ^GSQYIJSCLASHIPIJJLVILM 
5 GVIATQVLTSACKjVGTSYPA^ 

VYSAIASFMKVPFFDAGSVISTDGVIXjraFTRGETI (SEQ ID NCh642) 



Identification of the Natural Isolates 
10 To type the environmental isolates used in this Example, plates of the purified 

strains were sent to MIDI for 16S rRNA typing. 20A is Mycobacterium parafortuitum, 

9B is Mycobacterium gitvum. By protein homology we infer that 2D. is aboi£ 

parafortuitum and 14B is M. gilvum. 



15 

EXAMPLE 13 

Sequence and Taxonomic Analyses of Perhydrolase Homologues 
In this Example, sequence and taxonomic analyses of M. smegmatis perhydrolase 
homologues are provided 

20 

Taxonomic Assignment 

The basic 'list of 60" protein sequences accessed from public databases and used 
for construction of primer sets for screening of metagenomic libraries (BRAIN) was 
converted into a document illustrating the microbial taxonomic origins of the proteins, as 
25 described below. This information was used to produce the following alignment 

1 50 



HSAT 


(1) 


MAKRII£FGOSLOWQWVPVEDGAPO~ERFAPOTOSOG 


14B natural isolate 


(1) 


ILCrGDSLTffGSflPVEEGVPT-QRFPKSTOWTG 


20A 


(U 


LPSGILCFGDSLTWGffI PVEEGVPT-ERFPBWMTG 


2D natural isolate 


<D 


ILCTGDSLTHGIflPVBEGVPT-BRFPBlWBBTG 


98 Natural Isolate 


(1) 


Mj^CVRSCEVGAVMBIWJPGDSLTIJ^^ 


M. parafortuitum 001 


U) 


HJtfBILCFOSLTWGSfl PVEEGVPT-ERFPRWHBTG 


Sm-RSK05666 


(1) 


MCXVLCYGDSLTWGTDAT6SG RHAIfiWPS 



381 



WO 2005/056782 



PCT/DS2004/040438 



GC821-2 



At-QSOACO 
At-G80PG4 
M091_K4aEil 
H1-RKLO00301 
P.dejongeli RVK04532 
Q92XX1 Slnozhlzobium nellloti 
Q98MTS Mesorbixobium loti 
RSM02162_Sa 
S261JGaA12 
Saal993 Siaarbirobium ■eliloti 
Consensus 



(II 

(1) 

CD 

(1) MAGGTRIJJECTGEPWIVIiCTGDQiaWGXHAEGG-- 



- ■ mi WA FGDSLICGADPATG L~ RHPVEHMfPO 

-MVBSVLCFGDSLrVGSKAETGG rhshddlwps 

— WULWfGDSLTTGANPIPGGP RHAYEDGSfPT 



-RBALBDSffPS 



(1, 

(1) 

(1) 

(1) 

(1) 

(1) MT IKSHSHRTLMVEIBSVLCfliUSLJWOn PVKESS PT-LRYPYBOBSTTG 

(1) KTILCFGDSUWGSriPV EG P RHP BUG 



bbizlcfgosrvgt dpaskdipfprrhgpbvrotg 

-*EETVARrVLCPGDSHIHGQVPGRGPLDR YRREQRSGG 

M Er VL C T G OSU WSXKAEG S RHALBDtHPS 

MVEtBSVLCFGnSUWWI PVKESS PT-LRYPYEQROTG 



MSAT 

14B natural isolate 
2 OA 

20 natural isolate 
9B Natural Isolate 
M. para fortui turn 001 
. . &O-RSH05666 
At-O8OAC0 
At-Q80FG4 
M091_M4aEll 
M1-RML000301 
P.dfijon<jeiI KVM04532 
Q92XZ1 Sinorhirobiim oeliloti 
Q98MY5 Mesorhiiobium lot! 

RSM02162_Sa 
S261_K2aA12 
Smal993 Sinorhirobium oeliloti 
Consensus 



51 100 
(37) VIAQQLGRDEWIS-—|g?>SJ\RXKHUJUljiAJ 
(33) VUU*U3WafEVV»--*GI£^^ 

(37) VLADLLGDRYEVTE — EDGI^ARTTtMDPADPRL-tJGSQYXPSOASHLP 
(33) VXADLLGDRYEVIE — BCLSARTTTADOPADPRL-tfGSQYLPSCLASHLP 

(49) VLADELGAGTEVVE — KGLSARTTOUJDPTDPRL-tJGSDn.PACIASHLP 
(37) V1ADLLGDRYEVTE — EGLSARTTTAEDPADPRL-KGSQYIiPSCIASHLP 
(32) VLQKfcU^DAHVIA— -BGUKRTIOT 

(32) VLEAELAGKAKVHP — EGLGGKTTC1 UDHAG PACRNGARALEVALSCHMP 

(33) VLQKALGSDVHVI ETHSGLGGKTTAXDDHTGIXXRNGftRLLPTJLLHSfiAP 
(33) AI£QGLGGlQWIA~S6i abK lT VBU D9f 

(45) VWJASI/X*aWIA-H)GLNGRTlW 

(39) VXOGLLGPNVfQVTE — EGLSGRTTWDDPIEGSLKNGRI1TLRPCUJSEAP 

(31) VI^IXX3GVQYXA-H>GUIGRTTm 

(39) AMAARLGOGYHUE — EGLSARTTSLDDPKDARL— KGSTYXPKAIAS&LP 

(32) ALAAGLGGKAKVTE — EGQNGRTTVFTDDAATFESRNGSVALPLLLISHQP 

(50) AMAARI^IX^HIIE— EGI^ARrrSI^DPNDARI^ 

(51) VIA LGGYVIB EGLSGRTT DDP D L KGS YLPT LASHLP 



KSAT 

14B natural Isolate 
20A 

2D natural isolate 
9B natural Isolate 
H. para fortui turn 001 
SB-RSK05666 
At-O8OAC0 
At-C8UFG4 
M091_K4aEll 
M1-BMLO00301 
P.dojongeii RVM04532 
Q92XZ1 Sinornirobiun atalUoti 
Q98MYS Mesorhizobium loti 



101 150 
(84) LDLVT XMLGUNDUKAYFRRUPLDIA — IGMSVLVUQVLOSAGGVGOUYPA 
(60) LDLVI UCGTNDTKAHLNRT PVDIA— SGMGVIATOVLTSAGGVGTSYPA 
(64) LDLVI LMLGIMDTKAMFGRT P FDIA — TGMGVIATQVLTSAGGVGTSYPA 

(96) IJDLVIIHLGTiroTKAHIJHRT PVDIA — SGHGVLATQVLTSAGGVGTSTPA 
(84) LDLVI LMLGTNDTKAHFGRT PFDIA — TGMGVIATQVLTSAGGVGTSTPA 

(80) I^LIVFMLGSNIWKPIIEGTAFGAV— KGI ERLVNLVRRHDWPTETE-EG 
(60) LDLVI D4LGTNDIKPVHGG8AEAAV— SGMRRIAQTVETFI YKPtlEA— V 

(83) LDMVT MX3TKDMKPJOTGSATVAFIMKGVEPXVK^ 

(81) LDLIVIMLGTNDIKPHaGRTAGEWj — RGKARLVQIIRGHYA£3*MQD---£ 
(93) I DLIVTMlGANDMKPWIHGNPVAAK~<^IQRIJDrVRGHDYP^ — A 

(84) LDLVTUC/jTNDIJCSWSVPPGEIA^AGAGVI/aiKI LAGOAG P£KR~ P 
(87) LDLIIIKUTTNDIZKPJTttPPSEVA-^ 

(79) I DLXVIKLGANDKKPWIHGNPVAAK — QGIQRLIDIVRGflDYPFDWP — A 
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RSK02162_Sm 
S261_H2aA12 
Smal993 Sinorhlrobiun meliloti 



(66) LDLVI IKLGTNOTKSYraHTPYEIA-^GMGKLVGOYLTC^ 

(80) LDLVI IMLGTNDIKFAAHCRAFI1AS — MGMERXIQIVRSANYMKGYK — I 

(97) LDLVI IMLGTKDTKSY FHBTPTE IA — KGKGKL VGQVLTCAGGVGT PY PA 

(101) LDLVI IKLGTNDMKA OTP DIA GHGRLV VLT AGGVG A 



KSAT (132) 

14B natural isolate (128) 

20A (132) 

•2D natural isolate (128) 

9B Natural Isolate (144) 

H. parafortuitna 001 (132) 

SE-RSM05666 (127) 

At-QCUACO (126) 

At-Q)BtJFG4 (132) 

K091Jf4aEll (127) 

H1-RMLO00301 (139) 

P.dejongeii RVM04532 (130) 

092X21 Sinorbizobiura meliloti (133) 

Q98MY5 Hesorhlzoblua lotl (125) 

RSM02162_Sa (134) 

S261_M2aA12 (126) 

Smal993 Slnorhizobiua meliloti (145) 

(151) 



151 200 

PKVLVVSPPPIAPM-PHPWOT'IF-EG^ 

PQVLIVAPPPLAEM-POTTCBLVFKraSEX^ 

PQVLIVAPPPLGEL-PHP4ffIlLVF-SGG1lEKTA£LAK^^ 

PQVLIVAP PPLGEL- PHPIinJLVF-SGC2<£KTA£LARVTSALASFM!WPF 

PQVLIVAP PPLAEH- PHPHFELVF-DGGEEKTAQIABVTSALAS FMKVPF 

PQVLIVAP PPLGEL- PHPWIJLVF-SGGREKTAEIAKVTSAI^FKKVPF 

reilJVSPPPLCETWWSAFAAMIMGV^ 

PKLLTVAPPPCVAG PGGEPAG-^DIGQSMRIAPLrRKLAAELGHHF 

PPVI.iyAPPQLCSTANPFHGAIFRPAIPgSAMIASVfc'T^ 
PQIILVSPPPIILGIWRttiaiHFTOHEA 

PQILIVSP PWSRT — EHADFREMFAGGDEAS KQLAPQTAAIADEVGCGF 
PQLI*LMCPPKVRDI£AMPDU}0OT-PH 

PEHflVAPPPMLED— LKHffiSI F-SGAQEKSRK1ALEFEIMADSLSAHF 

PQILIVSPPWSRT — eradfremfaggleashqiapqyaalabevqogf 

PKVLVVAPPPLAPM-PDP*FK»Ha3GTCraKB^ 
PEILIISPPSLVPT — QDeffFNDI^CTAIAESKLET^KHTKRVAEELKVHF 
PKVLVVAPPPIAFM-POPBFSCOTHSGGYEre 

PQVLIVAPPPL EM P FE VP GG EKS LABVT ALAD MKV F 



14B natural isolate 
2 OA 

2D natural isolate 
9B Natural Isolate 
M. parafortuitum 001 
Sm-RSM05666 
At-QeOACO 
At-08UFG4 
M091JK4aEll 
M1-RMLOO0301 
P.dejongeli RVM04532 
Q92XZ1 Slnorhizobiua meliloti 
Q98MY5 Mesorhizobium lot! 

RSM02162_So 
S261_M2aA12 
Smal993 Slnorhizobiua meliloti 



(180) 
(176) 
(180) 
(176) 
(192) 
(180) 
(17S) 
(172) 
(182) 
(177) 
(187) 
(179) 
(180) 
(173) 
(162) 
(174) 
(193) 
(201) 



201 241 

FDAGSVISUDGVDGIHFQBKHNRDI/aVALAEQVRSLL (SEQ 

FDAGSVISTDGVDGTHETB ■ { SEQ 

FDAGSVISTDGVDGTHFTRGETI (SEQ 

FDAGSVISTDGVDGTHFTRGETI -(SEQ 

FDAGSVISTDGVDGTHFTRGETIDR (SEQ 

FDAGSVISTDGVDGIHFTRGEQST (SEQ 

FDGGSVARTTPI DGVHLDAEHTRAVGRGLE PWRMMLGL — (SEQ 

FDAGSVA5ASPVDGVHIJ3ASATAAIGRALAAPVRDILG (SEQ 

FDAGSVARTT PVDGVHLDAEWTRAI GRGLE PWKMMLGL — (SEQ 
FGAGTVATT S KADG I H LDPAHTRAI GAGLVPLVKQVLGL- - (SEQ 
FlfflCTVAQTTPUJGVHLOBEHTRMIGI^ (SEQ 

FDAGTVCQCS PADG FH IDEBRHRLLGEALAQEVLAI GWPOA ( SEQ 
FDAGTVA<^PLDGVHLDAEHTRNIGKAL — (SEQ 

PAAGDCISTDGI DGI HLSAETHI RLGHAIABKVAALF (SEQ 

FDAGTVAVADKT DGGBLDRSHTKAIGVALVPVVKS ILAL — (SEQ 

PAAGDCISTDGI DGI HLSAETHI RLGHAIADKVAALF (SEQ 

FDAGSVISTD VDGIRLOA T IG AL VR LL (SEQ 



ID 110:643) 
ID KO:644) 
ID HO: 645) 
ID HO: 64 6) 
ID H0:647) 
ID HO: 648) 
ID NO: 649) 
ID NO: 650) 
ID N0:6S1) 
ZO NO: 652) 
ID NO: 653) 
ID NO: 654) 
ID NO: 655) 
ID NO: 656) 
10 NO:6S7) 
ID NO: 658) 
ID NO: 659) 
ID NO: 660) 
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Hie alignment tree from the CLUSTALW alignment (which approximates to a 
pbylogenetic tree) suggests 3 or 4 groupings. 

From this alignment, a hypothetical protein sequence was constructed from the 
consensus sequence. Where no consensus existed the site was filled with the Per amino 
add; gaps were ignored. This provided a Per-consensus sequence: 

1 THjCFGDSLT wgwveega pterhppevr wtgvlaqqlg gdyevieegl 

51 SGRTTNIDDP TDPRLNGSSY LPTCLASHIP LDLVHMLGT NDMKAYFRRT 
101 PLDIALGMGR LVTQVLTSAG GVGTTYPAPQ VUVAPPPLA EMPHPWFELV 
151 FECK5EEKSTE LARVYSALAD FMKVPFFDAG SVISTDGVDG IHLDAANTRD 
201 IGVALAEQVR SLL (SEQ IDN0661) 

This consensus sequence was used for a BLASTP search against a non-redundant 
database. This search identified 55 hits. The majority of the 'hits' were GDSL or GDSI 
type molecules covering a wide range of microbial diversity. However, only the first 14 
'hits' had e- values and bit-values in the reliable range. At first sight, this appeared to 
provide further molecules with a GDSL/N - G/ARTT motif; but this was found to be due 
to differences in coding (Swiss Prot vs GenBank) 

The screening of 3 environmental libraries (at BRAIN) resulted in 10 clones with 
a GDSL motif. A further 2 clones were derived from the BRAIN library. The following 
Table (Table 1 3-1) lists the clones and indicates their activity. 



Tab 


S 13-1. Qopes ^vii 


hGDSL Motif? 


Mbrary 


Ctone 


Pejrhydrolase Activity 


S248Fa 


S248 M40cD4 


No 


S248Fa 


S248 M44aA5 


No 


S248Fa 


S248 M18bH12 


Not Perhvdrolase 


S248Fa 


S248 M36bC5 


Not Perhvdrolase 
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S248Fa 


S248 M50cD9 


Not Perhvdrolase 


S248Fa 


S248_M2bBll 


?Low 


$261 




Yes 




S279 M75bA2 


Not done 


S279 


S279 MllaC12 


Not GDSL 


S279 


S279Jtf70aE8 




M091 


M09IJ^4aEU 


Not tested 


BRAIN 


EsflM 


No 


BRAIN 


Estl05 


Not done 



M40cD4 

Strongest hit arylesterase of Brucella melitensis (46% identical). Motifc: GDSL 
- GAND; GQTT instead of GRTT. Sequence alignment against the core list of 
organisms places it dose to Caulobacter vibrioides and Brucella melitensis in the alpha- 
Proteobacteria. 



NUmegmfis ACT (0.5669) 

AorobactefumtunrBfadens (02508) 

BajcdSameQenss (0^236) 

— Caulobacter vibrioktes (02960) 
M40CO4 (02796) 

M44aA5 

Strongest hitAcyl-CoA thioesterase of Pseudomonas aeruginosa (43% 
identical). Motifs: GDSL - GGND; no GRTT or equivalent Sequence alignment 
against the core list of organisms places it close to Pseudomonas sp in the gamma- 
Proteobacteria. 



— : M.smegmatis ACT (0.4490) 

Neisseria meningitidis (0.3799) 

M44aA5 (0.3369) 

-Pseudomonas aeruginosa thioesterase (0.1468) 
Pseudomonas syringae (0.1418) 

Vfcrio choterae (0.2079) 

Yersinia pesfe (0.2124) 



K 
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M2bBll 

Strongest hit aryl esterase of Brucella melitensis. Motifs: GDSL - GAND; no 
GRTT or equivalent Sequence alignment against the core list of organisms shows no 
strong association placing it between the alpha- and gpmnm-Proteobacteria. 



-c 



-Msmegmatis ACT (0.5146) 



Escherichia coO (0.0531) 

Salmonella enterica subsp. enterica (0.0547) 
—YersWa pesfe (0.1846) 
-Vibrio choJerae (3.1522) 
— Nforio rraricus (0.1628) 



-Pseudomonas aeruginosa thloesterase (0.1480) 
-Pseudomonas syringae (0.1406) 
— Brucella mefitensis (0.3147) 

Cautobacter vfcrioktes (0.3043) 
— M2bB11 (0.3201) 



M2aA12 

1 0 Strongest hit: arylesterase of Agrobacterium tumefaciens (42% identical) 

Motifs: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
places it close to Agrobacterium tumefaciens in the dpha-Proteobacteria. 



-MsmsgnBUsAOr (0.1730) 

-Agrobacterium rhizogenes Q9WAW5_.hypprot (00928) 
- SinorhizDb(um meflotUTypProt (0.0815) 
-Prosthecobacterc^^ 



-AgrobactefkJmfhizogenesQ9^^ 
-Snattobiumm^ (0.1368) 
AoiobactErtumsfedens a^esterase (32428) 
AgrabacterfifTitunrB^^ 
Agrobacterfumtur^^ 

S&iattobiumrrBM^ (0.1363) 



£5 



-Mezattobiumloti_AFm£ST(ai^ 



-S261_M2aA12 (02553) 
Ffcfctonia pickets (02291) 



-RaSstmiia sofanacenaurn (02143) 
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M75bA2 

Strongest hit: incomplete. BLAST search revealed nothing significant Motifs: 
GDSL - GTND; no GRTT or equivalent Sequence alignment against the core list of 
organisms shows no convincing associations. The closest neighbors appear to be the 
Vibrio - Aeromonas groups of the gpmina-Pmteobacteria. 



M-snregmatis ACT (0.4020) 

M75bA2j)refim (0.4499) 

Vibrio choteraejecithinase (0.1616) 
Vbrioharveyi (0.0751) 
Vfcrio patahaemoiyticus (0.0780) 
Vibrio vulnfficus (0.1 362) 
Legionella pneumophfla (0.3459) 
Aeromonas hydrophia (0.0330) 
Aeromonas salmonteWa (0.0017) 
Aeromonas salmonfcida J3PLCACT (0.0013) 
SafrnoneOa typhimurium SseJ (0.3861) 




M70a£8 

Strongest hit acyi-CoA thioesterase fiom E. coli (30% identical), and aryi 
esterase hydrolase fiom Vibrio mimicus (27% identical). Based on incomplete sequence 
GDSL-type esterase (BRAIN) from Neisseria meningitidis (50% identical). Motifc 
GDSL - GGND; no GRTT - replaced with GRTV. Sequence alignment against the core 
list of organisms shows the closest association to Neisseria meningitidis, a member of the 
beta-Proteobacteria. 
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M.smegmatis ACT (0.4419) 

-M70aE8 (0.2787) 
-Neisseria meningitidis (0.3023) 



-Pseudomonas aeruginosa thtoesterase (0.1473) 
- Pseudomonas syringae (0.1412) 



-Salmonella entedca subsp. enterica (0.1527) 
-Yersinia pestis (0.1562) 
—Vibrio choJerae (0.1509) 
— Vbrio nrtnricus (0.1641) 



10 



M4aEll 

Strongest hit: arylesterase from Agrobacterium tumefaciens (59% identity) 
Motifs: GDSL - GRTT - GTND. Sequence alignment against the core list of organisms 
shows the closest association to members of the alpha-Proteobacteria such as 
Agrobacterium. 



15 



-MsmegmBtis ACT (0.1697) 

- Agrabactefkim rtieogenes Q9KWAB_hyppiot (0.0937) 
-SinortiizDblummsfflotRTypPi^ (0.0806) 

Prosthecobacter dejongen RVM04532 (0.2938) 

— /^robacteriunimi2DgenesQa^^B1 (0.1312) 

SinoihizDttum meOotLHYPPROfT (0.1394) 

^jrobactertunBfaciens aiytesterase (0.2473) 

r- Agnobacterium tumefaciens aiyiest (0.0084) 

J L/^obacteriumtiwBfeciera 

I Agnobacterium tumefaciens Q9ZI09 (0X2278) 

- Sinoftitoobium meiM.ARYLEST (0.1324) 
- Mezattzobium bti_AKYLEST (0. 1 872) 



-M091_M4aE1 1(02509) 

-Ra&onia pickettfi (02262) 



-Raistorea sotanacefarum (0.21 98) 



Estll4 

Strongest hit: phosphatidylcholine sterol acyl transferase from Aeromonos 
hydrophila (ff^^oteobacteria) (30% identical). Motife: GDSL - GPND; no GRTT 
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but GATT may be an equivalent Sequence alignment against the care list of organisms 
shows the closest association to Acidophilium sp. and Aeromonas/Vibrio within the 
gsasaaarProteobactericL 



-M-smsgrafe ACT (0.4350) 



-Salmonella typhimuriumSseJ (0.3837) 

Acidophffium sp. (0.3439) 

—EsM 14 (0-3317) 

Vforio choteraejecithinase (0.1643) 

Vibrio harveyi (0.0752) 

Vibrio parahaemolyticus (0.0786) 



-Vforio vutnfficus (0.1 340) 



I Aeromonas hydnophla (0.0318) 
Aeromonas salmonfckte (0.0017) 
Aeromonas salmon icida_GPLCACT (0.0013) 



-Legionella pneumophila (0.3367) 



10 



15 



EstlOS 

Strongest hit Pseudomonas aeruginosa outer membrane esterase, and 
hypothetical protein Pseudomonas putida (27% identical). Motifs: GDSL - GAND, no 
GRTT or equivalent Sequence alignment against the core list of organisms shows the 
closest association to members of the gpmnm-Proteobacteria. 



- M.smegmatis ACT (0.501 1 ) 



-Est105 (0.3462) 

Moraxeda bovis (0.2785) 



- Moraxefla catantiafe (02835) 



— Photorhabdus luminescens (02935) 
-SalmoneOa typhintirium (02467) 
-Senate Dquefaciens (02440) 
— Pseudomonas aeruginosa (02136) 



- Pseudomonas putida (021 28) 
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An overall alignment of these clones/sequences (hoe shown underlined) indicates 
that they are scattered throughout the alignment tree of strains indicating that the 
metagenomic screening has provided a variety of sequences and not a limited diversity. 
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-Manaamsfe act (0.1786) 

■ AQrooacQBtuni fftizooanas Q9KWA8_tQ£pflot (O06SB) 

■ Snorttaobtun) roe&oO-hypPiut (OQ887) 

- Prostheootoctor dofongefi RVM04532 (0l2B83) 
■*A0rabflCtsriUR) ihbsoojanas Q9KUVB1 |08382) 



- SJnortebtum mcOoi.HYPPROT (0.1344) 



- Acrabadar tumefsdena arytestenn© (02454) 
-SfiiJfiBA12 (02474) 
-MP91 M4n£11(02663) 



r Aoro ba cta rt uro bs a j fla dans aiyl ast ( ft fflHB) 
-T^Agncftacteriumtumafia^^ 
**^^Aflrobactartuni tjmefoctera QiaZigy (00233) 
nrtLMWlEST (0,1445) 



aartfaobajBi k)O aM ARYlJbST (0.1 BIT) 



■ ■■ ■ Ratsfcxds ptc fctfl (0-2236) 

■ ■■■ RaUsxia adanaoanami {02247) 
-Agrotarinrfirti tumafedans {Q23S8) 
BruosQa aMUsnsJs (02292) 



(02778) 




(0.1441) 

44) 

E8ehertdriaoaO(pjK4S) 
Safcnonafts erttartca aubap. antatoe (O0334) 
YeraWa parts (01548) 
VR*t0didarae(O1574) 
Vibrio atoscus (0.1576) 
M2bfill(O3010) 
-M44flA£(O3104) 



tcstobutyBcum (O3820) 



t5 



- BacBu* oaraua (OS422) 

- Entarocooous feacafts (0.3133) 



- Lactoc oo cua bctbtubsp.tacCs (Q32S8) 
I ■ubtSteJiypPrat (0.4082) 



- AoMopMUm sp. (0.3852) 




£S11H (0^806) 

(0.0321) 
(0X015) 

Aaramonas aahaonlcMajQPiCWCT (O0015) 
(01882) 



Vferto harvayl (0.0770) 
Vferto pafBheaawtyflcus (0.0765) 
VQxto vOHScua (0148S) 
-SabnonaOa typhbnurfum SsaJ (04293) 
ddopsts IhaBana (O3980) 



- Homo sapiens (0 .3911 ) 

- IfaraxaDa bovto (0-2888) 

- Moraxefia catanrhab (02882) 



- EaMfi (039B2) 



— Photarhabdus lunanescans (O3038) 
-Sata«neaatyp«nwtk«i(O2S00) 

- Sanatta Iquetodera (02469) 

— Paaudomonas aeruginosa (0-2114) 



—Paa u d om on as putoa (02182) 
-AapergHus eodeafra (04168) 



-BadDus aubOa_yasT (03105) 



- Badfes subflDs.yesY (02852) 

- EnMrtfa d¥ysanthaml (04168) 



-MZ&AZ (04432) 



bfcflBS (04820) 

- BadDw atibSMfaD (04S98) 
Badka subats jr rfftl (04S16) 

- BadJua tubals YusK (O4480) 

- BacOus sub6fts-YM0 (04364) 



-Noma aaptans_FAF (04033) 



32T 



-8trapaxoc a» pne unoote a(04082) 



- Paaudomonas aeruginosa HypPn*(031 18) 
— StroptORiyoas SYsrns8ts(03212) 



-Sfceplorayoesacafaid (04230) 
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Gene Mining for GRTT - Type Esterases 
(clones with perhydrolase activity) 

Sinorhizobium meliloti Smal993-hypothetical proteinJSme 
Motife: GDSL - ARTT - GTND 

Sinorhizobium meliloti JQ92XZI -hypothetical protemSme 
Motife: GDSN - GRTT - GTND 

Mesorhizobium loti Q98MY5-arylesterase Nflo 
MotifeGDSL - GRTT - GAND 

Moraxella bovis AAK53448 (lipase) 

Motife: GDSL - GSND, no GRTT or equivalent in this sequence order, 
(periiydrolase activity low, questionable sequence) 

Agrobacterium tumefadens Q8UACO 
Motife GDSL - GRTT- GTND 

Agrobacterium tumefadens Q8UFG4 
Motife: GDSL - GRTT - GTND 

Mesorhizobium loti RMLO00301 
Motife: GDSL - GRTT - GAND 

Sinorhizobium meliloti RSM05666 

Motife: GDSL- GRTT- GSND 

(this clone was inactive for perhydrolase activity; 

and probably represents a false, nppti'vp) 

Sinorhizobium meliloti RSM02 1 62 
Motife: GDSL -ARTT -GTND 

Prosthecobacter dejongeii RVM05432 
Motife: GDSN - GRIT - GTND 
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where: 



A GDSxi -xiRTT - GxsND motif characterizes the active clones/sequences, 



Xi^LorN 
X2 = AorG 
X3 = TorAorS 

The Moraxella bovis AAK53448 sequence does not fit this pattern and is 
excluded from the alignment analysis provided below: 

Multiple Sequence Alignment of Active Clones/Sequences 



ACT KSMEG 
Q98XT5 Mesorfaizobium lot! 
Saal993 Sinornizobium meUloti 
092X21 Slnorhirobium nellloti 
P.dejon«eU RVM04532 
RSH05666_Sm 
R5M02162_Sm 
At-O8UAC0 
At-Q8UFG4 
M1-RML000301 
S261_M2aA12 
M091_M4aEU 
Consensus 



ACT MSMEG 
Q98MY5 Kesorhi tobium loti 
Smal993 SinorhizoMum oeliloti 
Q92XZ1 Sinorhizoblum meliloti 
P.dejongeii RVK04532 
RSH05666_Sm 
RSH02162_Sm 
At-O8OAC0 
At-Q80FG4 
M1-RML000301 
S261J<2oA12 
M091J(4aEll 
Consensus 



50 

"^ftKRIlCFGDSLOW(3IVWHX3APU-ERERHWKBOG 
— MKTVLCY<3)SLTWGTNAEGGR- 



III 

<1| 



MEETVARTVLCFGDSNTHGQVPGRGPLDR- 

MKTILCFGDSWTWGYDPASMTAPFPEtRH GHlWHl tO 

MKTVLCYGDSLTWGYQATGSG RHALBDBSfPS 

MVBKRSVIXFCDSLTifGffI PVKESSPT-LRY P I BOM rT G 

MKTVIAFGDSLTWGADPATGLR 



-«VKSVLCrGDSLTWGSKAETGG- 



(U - 
(1) ~ 
(U - 
(1) "< 
(11 ~ 
(11 ~ 

(11 MRGGTRIJ)ECTtSRMKTVI>CYGDSI.TWGYKAEGC3l 

(1) MKNILAPGDSLTWGFWVOQDA 

(1) MKTIIAYGOSLTYGAKPIPGG-PR- 

(11 MKTVLCFGDSLTWGY P G RHA E RHP 

51 10 0 
(37) VLAQQLGADFBVIE — EGLSARUUNI DDPUDPRL-NGASYLP9CLADBLP 

(31) VLQASLGGGVQVIA — DGLNGRTTAFDOKIAGADRNGARIXPTALTTHAP 

(50) AMAARLGDGYHT IB^EGLSARTTSIiDDPKDARL-HGSTYLPII MftSHLP 
(39) VLQGLLGPKWOVTE— EGI^GRTTVHDDPrEGSUCNGRIYlAPaiDBHAP 
(371 VIAKALGAGFRVTE — EGQKGRTTVKEDPLNICR-KGKDVLP^I£SHKP 

(32) VLQKALGS OAHVIA— -EGI2JGRTTAY DDHIADCDRNGARVLPTVIHTHAP 
(391 AMAARLGDGYHI IE — EGLSARTTS LD D PKDARL-NGSTYLPMMASKLP 

(32) VLEASLAGKAKVHP — EGLGGRTTCYDDHAGPACRNGARALEVMfiCHMP 

(33) VLQKAtX&DVHVIFTHEGtGGRTTAYDra 

(45) VLQ^LGGGVQVIA — DGI^GRTT^DHUU^RNGWlU.PTALaTHAP 

(32) ALAAGLGGKARVIE — EGQNGRTTVFDDAATFESRNGSVALPLtllSEQP 

(33) ALBQGLGGKARVIA — EGI^GGRTTVHDDWFAHADRNGARVLPTLIESHSP 

(51) VL A LGG VIE EGL GRTTAHDD A RNGAR LPT L SHAP 



ACT MSMEG 



101 150 
(04) LDLVTIMLGONDOKAYFRRUPLDIA — LGMSVLVUQVLOSAGGWG0UYPA 
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Q98MY5 Hesortiizobi.ua lotl <79) 

Sraal993 Sinoxhizobium meliloti (97) 

Q92X21 Sinoxfcizobiun oeliloti (87) 

P.dejcngeii RVM04532 (64) 

RSKQS666_Sm (60) 

RSM02162_Sn (66) 

At-QSOACO (60) 

A1-Q8UFS4 (63) 

M1-BMLO00301 (93) 

S261_M2aAl2 (80) 

K091JC4a£ll (81) 

Oonsenaua (101) 



IDLIVXMI£HBn<KF9IHGNFVAAK--0a 

LDLVIIML UWa to 1 FHRTPYEIA— NGMGKLVGUVLTCAUWbTFTPA 
U)I^IIMLGBIDUaiRFMMPPSEVA— *IGIGCLVHDIRELSPGBTGN 

T.nTVTTJfT^mTJTQTgWppr^rTA ArafOT/^KTTJtf3^tWra~PP 

LDLTVrKIiAWflKPIIHGTAFGAy — KGIERLVNLVRRHDM PTETBBG- 
LOLVI TMUUnfl/fKbr FHRT PYE IA — NGMGKLVGCVLTCRGGVGTPYPA 
LDLVT IMDEHBI KPVHGOU^EAAVS — GMRRIAQI V tTT ^1 1 RPKEAVP- 
LDMVI MJSTSEKKPAI HGSArVRFTHKGVKRLVKLTRMHVWQVSCWEAP 
IDLrVIMlJGRHEHXFWIHGNPVAAK — QGIQRIJDIVRGHDTPFWEAP- 
U3LVTIMIfircDIKFAARCBAFDAS — MQtERLIQrVRSANYMKGTKIP^ 
LDLIVIMtfBB>IKF1ffl g tt J M»£AG-"-RG^ 

LDLVinacnaxfKP b p eaa gmrlvzvr tg p 



ACT MSMEG (132) 

Q98MT5 Heeorhizobium lot! (126) 

8nal993 Binortxiroblu^ meliloti (145) 

Q92XZ1 SinozhLsobiua aeliloti (132) 

P.dejongeii RVM04532 (131) 

RSM05666_Sm (127) 

RSM02162_6m (134) 

At-080AC0 (127) 

At-Q8UFG4 (133) 

K1-RKLO00301 (140) 

S261_M2aA12 (127) 

K091M4aEll (128) 
(151) 



151 200 
PKVLWSPfHAPMPH PWPQLI FE--^3GBQKUUEIAHVTSALASEMKVPF 
^UVSmVSRTGKADFRBKEAG-HSEASKQUW 
PKVLVVAPCRAPMPDPffFGQfFG-HSGI EKSKELSGLYKAIADFH&vkF 
PPf?TNTVRpyWT j: ?P Tjr T airggTpg — RnQyjr<mjrTAi^FTmcingLgAgy 
QUJJfCPfKVRDiaANPOLEftKIP— HGAARSAEFPRHTKAOAVALKCBT 
PEIUVSPPPUX1»KSAEMttfFAG--G^ 

?KVLVVAPWIAPMPDPKFEGMFG — GGYEKSKELSGLYKAUUDFMKVKF 

-KIJ*rVAPPPCVAGPGGEPAGGRD IEQSMRIAPLTRKLAAELGHHF 

-DVLIVAPPaLCteTAMPFMS^nUU^ 

-OILrVSPWVSRTENADFRQlEAG — GDEASKQIAPQYAAIADEVGCGF 
-EILIISPPSLVPTQDEWFNDLKG — HAIAESKLEAKHYKRVAESUCVHP 
^IILVSIWII/H*tADMMDHFGPHEAIAT 

T DF AKFG 6 B SK LA YKAIADELK F 



ACT MSMEG (180) 

Q98MY5 Mesorhizobium lotl (173) 

Smal993 Sinorhlzobium meliloti (193) 

Q92XZ1 Sinorhlzobium melUoti (180) 

P.dejongeii RVK04532 (179) 

RSM05666_Sm (175) 

RSK02162_Sm (182) 

At-QSOACO (172) 

At-G80FG4 (182) 

M1-RMLO00301 (187) 

S261_M2aA12 (174) 

M091_H4aEll (177) 
(201) 



201 241 

FDAGSVISmX^nX^IHFXJEANNRDLGVAIAEQVRSLL (SEQ ID NO: 662) 

FDAGTVIIQTTPLDGVHLDAEHTP^GKRLTSVVKVMLE^ (SEQ 10 NO: 663) 

FAAGDCISTDGI DGI HLSAETNI RLGHAIADKVAALF (SEQ 10 NO: 664) 

FCAGTVGDCSPADGFBIDEOAHRLLGEAIAQEVL^ (SEQ ID NO: 665) 

FNSQErTOTSPVOGI HI£ASEHIJCLGEAI^KVKVLLG (SEQ ID NO: 666) 

rDGGSVASTTPI DGVHLGAEKTRAVGRGLE PWRMMLGL — (SEQ ID NO: 667) 

FAAGDCISIDGIDGIHLSAETNX RLGHAIADKVAALF (SEQ ID NO: 666) 

FDAGSVASASPVDGVHIAASATAAIGRAIjAAPVRDILG (SEQ ID NO: 669) 

FIW^VA«rrYVDGVHLDAENTRAIGRG^ (SEQ ID NO: 670) 

FDAGTYAOTHT.DGVHUJAENT1OT (SEQ ID NO 1 671) 

FDAGTVKHMKTDGGHLCAVNTKAIGVALVPVVTCS I IAL — (SEQ ID NO: 672) 

FDAGTVATTSKADGI HLDPANTRAIGAGLVPLVKQVLGL— (SEQ ID NO: 67 3) 

FDAGTVA TSPVDGIHLDAENTR IG ALA WR LLG (SEQ ID NO: 674) 
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A guide tree (Le., an approximation of a phyiogenetic tree) of the CLUSTALW 
alignment of active clones/sequences is provided below. 



-ACTMSMEG 

|Sma1993 Sinottiizobhim meHoB 

'RSM02162_Sm 

P.dejongel RVM04532 

Q92XZ1 SinahteobtutnmefloG 



h: 



Q98MY5 Mesorhizobium loti 
IMKRMLO00301 
RSM05666_Sm 
AI-Q8UFG4 



-Al-OBUAGO 
-S261_M2aA12 



-M091J M4aE11 



Table 13-2. Similarity and Identity of Clones/Sequences 
Compared to M smegmatis Perhydrolase 



Clone/Sequence 


% 

Identity 


% 

Similarity 


Sinorhizobium meliloti Smal993 


55.5 


71.6 


Sinorhizobium meliloti 092XZ1 


38.7 


54.7 


Mesorhizobium loti 098MY5 


38.8 


5?.4 


Moraxella bovis AAK53448 


5.0 


9.7 


Atfrobacterium tumefaciens 08UACO 


36,7 


47.7 


Aftrobacterium tumefaciens 08UFG4 


374 


50,4 


Mesorhizobium loti RMLO00301 


34.8 


50.9 


Sinorhizobium meliloti RSM05666 


37.4 


52.5 


Sworhizobium meliloti RSM02162 


58,3 


75,2 
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Prosthecobacter deiongeii RVM05432 


41,6 


55.7 


S261 M2aA12 


39.3 


54.3 


M091 M4aEll 


34.7 


502 



Based on the results, the active clones were found to have an overall identity to M 
smegmatis perhydrolase of 38.7 - 583%. Moraxella bovis AAK53448 was found to be 
5 an exception and the (translated) amino acid sequence is questionable. 

Redundancy 

From the analyses above, it was evident that some redundancy exists in die 
alignment provided at the beginning of this Example that will have added undue 
10 weighting to the consensus sequence. Also, further GDSL-GRTT sequences were added. 
Thus, in the revised alignment below, the following changes wore made: 

Removed: 

Natural isolate 14B 
Natural isolate 2D 
15 RSM02162JSm 

Q98MY5 Mesorhizobium loti 

Added: 

BAB16197(AihII) 
BAB16192 (Arhl) 
20 NP 00197751 (MloII) 

NP 00216984 (Bee) 
NP 522806 (Rso) 



25 



Non-redundant alignment: 



2QA 

98 natural Isolate 
M. para fortul turn 001 
MSAT 



1 50 

(1) LPSGI LCFGDS LTWGWI PVEEGVPTERFPHnWRHTTG 

(1) -K3GRCVASCEVGAVAKRI LCFGDS PVEEGVPTQRFPHEWHSfTG 
(1) 
(1) 



— MAKRI LCFGDS LTWG57VPVEDGAPTERFR-CTWBWTG 
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Sid— RSMQ5666 

At-oeraco 

At-QStJFG4 
M091JMaBll 
K1-RML000301 
P.dejongeii RVK04532 
Q92XZ1 Sinorhizobiun mellloti 
S261_M2aA12 
Smal993 Sinorhizobium meUXotl 
8PJJ0197751 
ZP_00216984 
BAB16192 
BAai6197 
M? 522806 



-MKTV1CTGDSLTWGYDATG SGBHMgDHBgS 

-MKTVlAFSDSLtWGADPAT— — GUffiPVEHRWPD 



(1) 
(1) 
(1) 
ID 

(1) MAGGTBiDECTGERMKTVlJCTGDSLWGYHAE GGBEALEDOTPS 

(1) MECTII^CFGDSNTWCYDPAaflAPFPfiRHffl'EVRIfTC 

(1) MEETVARTVLCFGDSWTHGQVPG — RGFXiDBlMBQBHQG 



(1) H»p] 

UJ MTINSHSHRIIJ«VBKRSVLCFGD^^ 



(1) M lMTQCTVLCTqgHTHGTRPMrH A fCT/ a K^-BSgBlfre 

(1) MICHKGGEEMRSVLCTGDSNTHGQI PG — GS PLDRXG-PKBRirPG 

( X) MAESRSII£ra^WG¥IPVPESSPTUaP-ra(OTTQ 

(1) > MQQIUJSDSLSWCnPG TRBHLPPAARWAG 

(1) MKTIDCFGDSLTW3HPV P BR BUG 



20A 

9B Natural Isolate 
M. para fortui turn G01 



Sm-RSM05666 
At-QOTRCO 
At-08OEG4 
M091_K4aEll 
K1-RMLO0O301 
P.dcjon^eii RVXSMS32 
Q92XZ1 Sinorhizobium mellloti 
S261_M2aA12 
Smal993 Sinorhizobium mellloti 
ZPJW197751 
ZP_00216984 
BAB16192 
BAB16197 
HP 522806 



51 100 
(37) VIADLLGDRXBVIE EGLSARTTTAOD PAD PRLH-GSOTLPSCIASHL 

(49) VLAOGLGAGTEWE E<35ARTTTAI)0PTDPRI2f-GS0tLPACIASHL 

(37) VLADLLGDRYEV1E EGLSARTTTAEDPAD PRLH-GSQTLPSC1ASHL 

(37) VLAQQLGADFEVIE EGLSARTTKtDDPTDPRLN-GASTLPSCIArSL 

(32) VLQKALGSDAHVIA EGLHGRTTAYDDHUUXXRNGAIWLPTVLHTHA 

(32) VLEAELAGRAKVHP EXn^GGRTTCYDDHAGPACRNGARAlEVALSCHM 

(33) VLQKALGSDV^I FT-HEGLQGRTTAyDDHTGIXa5RNGARLLPTLIjH8HA 

(33) AXEQGLGGKARVZA E6LGGRTTVHDDWFAKADRNGARVLPTLLESHS 

(45) VLQASLGGGVQVZA DGI^GRTTAFDDHLAGADRNGARLLPTALTTHA 

(37) VLAKALGAGFRVIE EGQNGSTTVHED PLNI CRK-GKDTLPACLES HK 

(39) VLQGLLGPNWQVIE EGLSGRTTVBOOPZEGSLKNGRIXXAPCLQSHA 

(32) AIAAGLGGKARVIE EGQBGRTTVFDDAATFESRNGSVALPLLLISHQ 

(50) AMAARLGDGYHIIE EGI^ARTTSLDDPHDARIil'KSSTnJMAXASHL 

(32) VLQGRLGSSARVIA EGLCGRTTAFT5DWVAGADRNGARI LPTLLATHS 

(40) VLAC2TLGASWFVIE EGLPAP^TVHDOPIEGRH KNGLSTLRACVESHL 

(43) VLRRBLGSOJJfYVIE EGI^S«TVRX)DPIEGTMKNGRTTUIPCLMSHA 

(39) AMAAALGDGYSIIE EGLSARTTSVEDPNDPRLN-GSATLPMALRSHL 

(32) VME HALQAQGHAVRI VEIX32iGRrrVlI) D PAR PGRN -GIXJQAQRI EAKA 

(51) VIA LGA Y VIE EGL GRTT DDP D RNGA YLP L SH 



20A 

9B Katural Isolate 
M. para fortui tun 001 



Sm-RSHQ5666 

At-oeraco 

At-Q80TG4 
M091J14afill 
M1-RMLO00301 



101 150 

(83) PLDLVT LMLGINDTKAN FGRTPFD— IATGMGVIArGVLTSAQG-VGTSY 

(95) PLDLVI IilLC?rNDTKANIjHRTPVD— IASGHGVLATQfVLTSAGG--VGTSY 

(83) PlJ)LVILMLGTNDTKANrGRTPFI>-~ IATGMGVIATQVLTSAGG-VGT S Y 

(83) PLDLVI IMLGTKDTKAY FRRTPLD— IALGMSVLVTQVLTSRGG-VGTTY 

(79) PLDLIVFMLGSNEHKPI IHGTAFG — AVKGTERLVNLVRRBXWPT — ETE 

(79) MLVIIMIOTn)IKPVHGGRAEA--AVSGMRRI^IVET PRE 

(82) PLDMVTIMIX^NI»«PAIHGSAIVAF^ 

(80) PIJ)LIVIMlJGTNDIKPHHGRTiySE — AGHGMARLVQIIRGHXAG RMQ 

(92) PIDLrVDOXaANDMKPWIRGKPVA — ^AKQGIQRLIDIVRGHDYP FEW 
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P.dejoogeii KVM04S32 


(83) 


PLDLVTLMLGTKDLKST FNVPPGE — IAAGAGVLGRMHAGDA GPEN 


Q92XZ1 Sinornixobium meliloti 


(86) 


PlALIIIHXiGTNDLKRRFttfPPSE — VAMGIGCXVHDIBSLSP GK 


K 


S261_K2aAI2 


(79) 


PLDLVI IKL6TKDIKEAAECBAFD — ASMOfERLIQIVBSAHW RET 


Smal993 Sinorhlrobium meliloti 


(96) 


PLDIiVI PfLSTHDTKS X fcUKTFi E — IAN(2<SKLVGQVLTCAG&-VGTPY 


ZPJ>0197751 


(79) 


PIJ3LVTVMLGTOTNKSFVOSIAIG — AKQOdRTVQIIBGQPYS BUY 


ZPJ)0216984 


(87) 




BAB16192 


(90) 


ILDLVTIMLGTNDLKARFQQPPSE — VAKSXGCLVYDIBELAP GPGG 


BAB16197 


(85) 


FLDLVI I LLGTKDTKSYFRRTPYE — IANGMGKXAGOVLTSAGG- IGTPY 


NP_522806 


(81) 


PLALVX1HLGTHDF0AI FRHTAQD--AAO/9VAQLVRAXROAPIEP GM 


Consensus 


(101) 


PLDLVIIMLGTHDLSA F TP D IA GKGRLV VR G G 


T 


,.> 




151 200 


20A 


(130) 


PAPQVLIVAPPPLGELPHPWFOL — VFSGS^EKTAEIABVTSAIASFMKV 


9B Hatrurel Isolate 


(142) 


PAPO^riJYIlPPPIAEMPHPWBIr-VFDG^^ 


M. parafortuitua 001 


(130) PAPOvuvAPPPUSueproi^-vFsxrapK^^ 


HSAT 


(130) 


PAPKVLWSPPPLAPMPHP^PQL — IFEG(3QKTTEIAHVTSAIA$FH1 




Sm-RSMDS666 


(125) EGPSILIVSPPPI£ETA1tSAEAAKRU33^ 


At-08URC0 


(124) AVPKLLTVAPPPCVAGP — GGB PAGGRDIEQSMRIAP — LTRKLAAElJGH 


At-Q80FG4 


(130) 


EAPDVTJTVAPPQU^TANPfMGAI FROAIDESAMLASVFTYRDIADSLDC 


M091_M4aBll 


(125) 


DEPQIILVSPPPIIU2DHAn*©HFGPHEAIAT^ 


M1-RML000301 


(137) 


PAPQI UVSPPWSRT&NADfRJ&tfAGGDEAS KQLAP—QtAAIADEVGC 


P.dejongell RVK04S32 


(128) 


RP PQUXKCTPKWDLSAHPDLDAKI PHGAAR-SAE FPRHYKAOAVALKC 


Q92XZ1 Sinorfaizobium meliloti 


(131) 


NDPEDOVRPPPMLEDLKBBES IFSGAQEKSRKLALEFEIMADSL8A 


S261_K2aA12 


(124) 


KI PEILIISPPSLVPTQDGVFNDXiWGHAIAESKLPAK — HYKRVAEELKV 


Smal993 Sinorfaizobium melllotl 


(143) 


PAPKVLWAPPPLAPMPDPWFEG — MFGGGYEKSKELSGLYKRLADFMKV 


ZPJHJ197751 


(124) 


KVPSILLVAPPPLCATBNSOEAEI FEGGMAESQKLAP — LYAAIAQQTGC 


ZPJ)0216984 


(132) ASPKLVLMAPAPIVEVGFLGBI EAGGAAK-SRQIASRYEQVASDAGA 


BAB16192 


(135) 


KPPEIMWAPPPMLDDIKEHEP IFSGAQEKSRRLALBPEIIADSLEV 


BAB16197 


(132) 


PAPKLLIVSPPPLAPKPDPVFEG — HFGGGYEKSLEIAKOTKAlANFLKV 


NP_522806 


(126) 


PVP PVL IWPPAITAPAGAMADK FADAQPKCAGLAOAYRATAQT1GC 


Consensus 


(151) 


AP ILXVAPPPL E WF IFGGA KS IA YKAIA LKV 






201 248 




2 OA 


(178) 


PFETIAGSVISTOGVDGTHFTRXSrTI — ■ 


(SEQ 10 HO t 675) 


9B Natural Isolate 


(190) 


PFFTAGSVISTOGVDGTHFTRGETIDR - 


(SEQ ID NO: 676) 


M. parafortuitun 001 


(178) 


PFET1AGSVISTOGVDGIHETRGEQST 


(SEQ IO NO: 677) 


HSAT 


(178) 


PFFTJAGSVISTDGVDGIHFrKANNRDIiGVAIAEQVRSIiL 


(SEQ ID NO: 678) 


SW-RSK05666 


(173) 


GFFIXSGSVARTTPIDGVHUJAENTRAVGRGX^PVVRMMLa 


(SEQ ID KOs679) 


At-Q8OAC0 


(170) 


HFFOAGSVASASPVDGVHUIASAIAMGRAIAAP^ 


(SEQ ID N0:680) 


At-Q8UFG4 


(180) 


GFFDAGSVARTT PVDGVHLDAENTRAI GRGI£ PWRMMLGL 


(SEQ ID HO: 681) 


M091J44aEll 


(175) 


H FFDAGTVATTSKADGI HLDPANTRAI GAGLVP LVKQVLGL 


(SEQ ID N0i 682) 


M1-RKL000301 


(185) 


GFFT>AGTVAOJTT PLDGVHIiJAENTRNI G2CALTSWRVML 


(SEQ ID NO: 683) 


P.dejongell RVH04532 


(177) 


EYFNSQEIVETS PVDGI KLEASEHIJCIX31AIAEKVKVLLG 


(SEQ ID NO: 684) 


Q92XZ1 Sinorfaizobium meliloti 


(178) 


H FFDAGTVCQCS PADGFHI2)EDAHJUJX£AIjAQEVIJIIGVPD& 


(SEQ ID NO: 685) 


S261_M2aA12 


(172) 


HFFTlftGTVAVADKTDGGHIiSAVNTKAIGVALVPV^ 


(8EQ ID NO:686) 


Sua 1993 Sinorfaizobium meliloti 


(191) 


EFFAAGDCISTDGIDGIHLSAETKIRIX3UIIADKVAALF 


(SEQ ID NO: 687 


8PJ)0197751 


(172) AFFDAGTVARTT PLDGI HLOAENTRAI GAGLE PWKQALGL 


(SEQ ID NO:688) 
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«_00216984 (118) HTlJASSMy/KVS^WG^HTMDQBJP^l/jQffTMId^JA. (SEQ ID HO: 689) 

BAB16192 (182) HFFDAfVTVASC0FCDS^IHR£AH£AIXjEAIAR£VEAIGHR (SEQ ID NO; 690) 

BAB16197 (180) DFIJWXEVKTDGCDGIBFSAETHITl/xHAIAMCVBAI FSQEAKHAAA (SEQ ID NO: 691) 

HP_522806 (173) HVFOANSVT PASHVDGI HLDADQHAQI/31RMAQVVGTLLAQ (8EQ ID NO: 692) 

Consensus (201) FFDAGSV TSPVDGXHLDAENTR LG MA VR XL (SEQ ID SO x 6 93) 



10 .... . 

The guide tree to the CLUSTALW alignment (which approximates to a 
phyiogenetic tree) clearly indicates 3 groupings: 

1) GDSL - ARTT group including Act 

2) GDSL - GRTT group composed of members of the Rhizobiales and the 
IS metagenome; and 

3) Intermediate group of mixed motifs. 

It is also contemplated that the results suggest some form of gene duplication and 
mutation events in the Rhizobiales and lateral gene transfer to Mycobacterium. 



399 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 




20A Mycobacterium oarafortuitum 
M oarafoituitum COI 
9B Natural Isolate Mycobacterium eilvujn 
MSATM . smeematis 

Sma1993 Sinorhizobium meliloti 
BAB16197 Aerobacterium tumefaciens- 
Protfaecobacter^eioneeii RVM04532 
Q92XZ1 SinoAizobium meliloti 
BAB 1 6 1 92 A. tumefeciens 
—TP 00216984 Burkholderia ceoada 
"NP 522806 Ralstonia solanacearum - 



GDSL - ARTT 



Mixed 



At-Q8UAC0 A. tumefaciens 
Sm-RSM05666 Sinorhizobium melilot 

At-Q8UFG4 A. tumefeciens 
MI-RMLO00301 Mesoriiizobium loti 
ZP 00197751 Mesoihizobium loti 
M091 M4a 



S261 M2a 



Metagenbme 



GDSL-GRTT 



10 



15 



Using the non-redundant alignment a new Act consensus was constructed called 
"Act chimera" 



1 KTILCFGDSL TWGWIPVEDG .APTERRAPEV RWTGVLAQQL GADYEVIEEG 

51 LSGRTTNIDD PTDPRLRNGA SYLPSCLASH LPLDLVIIML GTNDLKAYFR 

101 RTPLDIALGM GRLVTQVRTS AGGVGTTYPA PKILIVAPPP LAEMPHPWFQ 

151 LIFGGAEQKS TELARVYKAL ASFLKVPFFD AGSVISTSPV DGIHLDAENT 

201 RDLGVALAEQ VRSIL (SEQ ID NO: 694) 



An alignment of Act-chimera with Ms Act (Chimera align) indicates 91 .6% 
similarity and 86.0% identity, as indicated below. 
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MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act-Chimera 
Consensus 



MSAT 
Act -Chimera 
Consensus 



! 50 
(1) MAKRIIiCPGDSLTWGWVPVEDGAPTERFAPW 

(1) — KT ILC FGDS LTWGWI PVEDGAPTERRAPEVRWTGVLAQQLGADYEVI E 
(1) K I IiC FGDS LTWGWI PVEDGAPTER APD VRWTGVLAQQLGADFEVI E 

51 100 
(51) EGLS ARTTNI DDPTDPRLN-GASYLPSCLATHLPLDLVI IMLGTNDTKAY 
(49) EGLSGRTTNIDDPTDPRLRNGASYLPSCLASHLPLDLVlIMLGTNDliKAY 
(51) EGLSARTTNIDDPTDPRL GASYLPSCLASHLPLDLVIIMLGTND KAY 

101 150 

(100) FRRTPLDIALGMSVLVTQVLTSAGGVGTTYPAPKVLVVSPPPLAPMPHPW 
(99) FRRTPLDIALGMGRLVTQVRTSAGGVGTTYPAPKILIVAPPPLAEMPHPW 

(101) FRRTPLDIALGM LVTQV TSAGGVGTTYPAPKILIVAPPPLA MPHPW 

151 200 

(150) FQLIFEGGEQKTTELARVYSAIjASFMKVPFFDAGSVTSTDGVDGIHFTEA 
(149) FQLIFGGAEQKSTELARVYKAIASETiKVPFra 

(151) FQLIF GAEQKSTELARVY ALAS FLKVPFFDAGS VIST VDGIH 

201 217 

(200) NNRDLGVALAEQVRSLL (SEQ ID NO: 695) 
(199) NTRDLGVALAEQVRSIL (SEQ ID NO: 694) 

(201) N RDLGVALAEQVRSIL (SEQ ID NO: 696) 



A BLASTP search with Act-chimera did not reveal any further sequences. 



30 The Act-chimera is ''forced" on the Per sequence at the positions where no 

consensus exists. However, a basic 'unforced' consensus sequence did not provide any 
more information from a blastp search or from alignment analysis. Thus, comparison 
with the most distant homologues in the blastp 'hit' list was considered more useful in 
defining the important residues/positions in Act sequence space. This was a useful 

35 exercise, as these sequences were not used in the non-redundant alignment 

For example, Rhodopirellula baltica (NP_865748; Psp; a Planctomycetes and 
quite different from either Mycobacterium or Rhizobiales), was compared as shown 
below. 
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MSAT 
NP_865746 
Consensus 



MSAT 
NP_865746 
Consensus 



MSAT 
NP_865746 
Consensus 



MSAT 
NP_865746 
Consensus 



MSAT 
NP_865746 
Consensus 



1 50 

(1) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLA QQLGADFE 

(1) -MHSILIYGDSLSWGIIPGTR RRFAFHQRWPGVME I ELRQTGI DAR 

(1) IL FGDSLSWG IP R^A RW GVL — Q G D 

51 100 
(48) VI EEGLSARTTNI DDPTDPRLNGASYI^SCLATHLPLDLVIIMLGTNDTK 
(46) VIEDCXNGRRTVLEDPIKPGRNGLDGWX2RIEINSPLSLVVLFLGTNDFQ 
(51) VIED L ART IDDP P NG L I PL LVII LGTND 

101 150 
(98) AYFRRTPLDIALGMSVLVTQVLTSAQGVGTTYPAPKVLWSPPPLAPMPH 
(96) SVHEFHAEQSAQGLALLV — DAIRRSPFEPGMPTPKILLVAPPTVHH-PK 
(101) A A GLALLV P PKILLVAPP L P 

151 200 
(148) PWFQLIFEGGEQKTTELARVYSALASFMKVPFFDAGSVISTDGVDGIHFT 
(143) LDMAAKFQNAETKSTGLADAI RKVSTEHSCE FFDAATVTTTSVVDGVHLD 
(151) F AE KST LA LAS FFDAASV ST VDGIH 

201 222 

(198) EANNRDLGVALAEQVRSLL (SBQ ID NO: 695) 

(193) QEQHQALGT ALAS T I AE I LADC (SBQ ID NO: 697) 

(201) N LG ALA I IL <SBQ ID NO: 698) 



30 



35 



40 



45 



The following is an alignment with Ralstonia eutropha (Reu): 



MSAT 
ZP_00166901 
Consensus 



MSAT 
ZPJJ0166901 
Consensus 



MSAT 
ZP_00166901 
Consensus 



1 50 
(1) MAKRILCFGDSLTWGWVPVEDGAPTERFAPDVRWTGVLA — 

( i ) MPLTAPSEVDPLQILVYADSLSWGTVPGTR RRL PFPVRWPGRLELG 

(1) IL FADSLSWG VP R VRW G L 

51 "0 
(40) --QQLGADFEVIEEGLSARTTNIDDPTDPRLNGAS YLPSCLATRLPLDLV 
(47) LNADGGAPVRI I EDCLNGRRTVWDOPFKPGRNGLQGLAQRI E I HS PVALV 
(51) GA IIED L AR T DDP P NG L I H PL LV 

101 150 
(88) I IMLGTNDTKAYFRRT PLDIALGHSVLVTQVLTSAGGVGTT YPAPKVLW 
(97) VLMLGNNDFQSMHPHNAWHAAQGVGALV—HAIRTAPIEPt^PVPPILW 
(101) IIMLG NDA AOILV AI PP ILW 
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151 200 
MSAT (138) SPPPIAWlPHPWFQLIFEGGEQKTTEIiARVYSAIASFMKVPFFDAGSVIS 
ZPJ>0166901 (145) VP PP I RT-POGPLMKFAGGElHKWAGLPEALREIXIATVDCSLFDAfiTVIQ 
Consensus (151) PPPI P F GGE K L I* A M FDAGSVI 

201 237 

MSAT (188) T DGVDGIHFTEANNRDLGVALAEQVRSLL (SEQ ID NO: 695) 

ZP_00166901 (194) SSAVTXaVHLDADAHVALGDAIiQPVVRAIJiAESSGHPS (SEQ ID NO: 699) 

Consensus (201) S AVDGIH LG AL VRAIiL (SEQ ID NO: 700) 



Based on these results, the following conclusions wane made. A BLASTp nr- 
database search with a perhydrolase consensus sequence revealed GDSL or GDSI 

15 lipases/esterases from a wide diversity of organisms. However, only 12 or 14 of these 

were reliable homologues of Per. Nearly all of these were derived from 1 small group of 
bacteria, namely the Rhizobiales (Le. f Gram-negative soil bacteria belonging the alpha- 
Protedbacteria). A few members of the h^rProteobacteria were found, but no 
Mycobacterium sp. This provides an indication that the perhydrolase (Par) gene/protein 

20 is not widely distributed in nature. 

The Mycobacterium protein is characterized by the GDSL-ARTT motif; whereas 
most of the Rhizobiales are characterized by a GDSL-GRTT motif. There are also some 
mixed or intermediate motife {e.g., GDSN-GRTT, GDSN-ARTT and SDSL-GRTT). 
This may indicate gene duplication and mutation event and lateral gene transfer. The 

25 consensus residues identified in these experiments woe L6, W14, R27, W34, L38, R56, 
D62, L74, L78, H81, P83, M90, K97, G110, LI 14, L135, F180, and G205. 

Using the non-redundant alignment and comparison with distant homologues the 
follow sequence space can be defined starting at position 5 of the M. smegmatis 
perhydrolase and raiding at position 1 95, with perhydrolase shown in residues in bold. 



P. V][L][X][F, Y][G f S]n>][Sl[r. l N]|T > S][W, Y, H][G][X] 2 [P, A][X] u[R, L][W] 

pq^pq 5 [V, qpt v, HjpqpE. D][G, qpu QjpqtOAjtHjpqpqpq 2 [D, e][d] 
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Pq 7[G]pq 3[L][X] 6[H][X][P, I][L, I, V][D, A][V, I][X] 2 [M, L][L][i 
Pq 36[P][X] 6 [P][P, A][X] 3i[A][X] i9[D][G]pq[H] (SEQ ID NO:70lJ 

5 

In sum, it is clear from the analyses above that the active clones/sequences with a 
GDSxi - X2RTT - GX3ND motif have all been found among the dpha-Proteobacteria - 
Gram-negative bacteria associated with the soil rhizosphere. This is in sharp contrast to 
the prototype perhydrolase from M smegmatis -a. high GC content Gram-positive 
10 bacterium assigned to the class ActinobacteruL Tliis (h\asion is illustrated in Figure 2, 
which provides a phylogenetic tree, showing the major brandies of the bacteria and die 
origin of the active clones/sequences compared to M smegmatis. 

15 EXAMPLE 14 

Native Molecular Weight Estimation of Homologues of the Perhydrolase 

In this Example, experiments conducted to estimate the native molecular weights 

of M. smegmatis perhydrolase homologues are described. 

20 Preparation of Samples for Purification (Size Determination) 

A single colony of the desired strains was inoculated in 50ml Terrific Broth and 
incubated overnight at 37T with shaking at 200 rpm. The cells were pelleted by 
centrifugation for 10 minutes at 7000 rpm in a Sorvall SuperSpeed Centrifuge. The 
pellets were then resuspended in 10 ml 25mM Bis-Tris (pH 6.5) and lysed by passage 

25 through a French pressure cell twice. The lysates were thai centrifuged at 15000 rpm in a 
Sorvall SuperSpeed Centrifuge. Hie soluble fraction was heat treated at 55'C for 1 hour 
to precipitate cellular proteins. Hie samples were thai centrifuged at 10000 rpm in a 
Sorvall SuperSpeed Centrifuge and fee soluble fractions used for further purification or 
assay. 
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Sizing Columns 

The supernatant? (prepared as described above) were run on a Sephadex 200 
sizing column in 20 mM phosphate (pH 8.0), with a flow rate of 0.5 mlAnin. The column 
was calibrated prior to ru nning the samples wife MW standards (listed below) and 
purified M. smegmatis perhydrolase protein. The crude sample elution volumes were 
determined by collecting 0.5 ml fractions, and assaying the fractions for pNB activity. 
Molecular weights and elution volumes of the standards: 
Thyioglobulin MW 669 kDa : elution volume 1 6ml 
Aldolase MW 158 kDa: elution volume 24 ml 
Ovalbumin MW 43 kDa: elution volume 26 ml 
Ribonuclease MW 14 kDa: elution volume 32 ml 
Perhydrolase elution volume 24 ml 

Results 

The following Table (Table 14-1) provides the elution volume of some of the M. 
smegmatis pahydrolase homologues identified herein. 



Table 14-1. Elution Volume (Estimated Molecular Weight) of 

M m^nntiv PorFivHrnlnse Homoloeues . 


Homologue Sample 


Elution Volume frail 


nLO Smel 


24 


oET26 Smell 


?4 


pirnfi MIO 


OA 


pET26b Stm 


24 


pET26b Mbo 


24 


^70aEB pET26 


32 


pET26 m2aA12 


24 


ypneb S2487am 


32 
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S. mettloti RSM02162 fG00355 , > 


24 


PFT M2aA12fS26n 


24 


M. xmepmatis Perfavdrolase 


24 - 



The data in the above Table and the assay results obtained for these homologies 
indicated that these enzymes have an amino acid sequence similar to the M. smegmatis 
5 perhydrolase. As wifli the AL smegmatis perhydrolase, these homologues exhibit 

perhydrolysis activity as multimers. As described herein, the pediydrolase is an octamer, 
while the homologues, although they elute in a similar volume, are contemplated to be 
dimers, trimers, tetramers, hexamers, and/ or octamers. 

10 

EXAMPLE 15 
Crystal Structure of Perhydrolase 

In this Example, the crystallographic analysis of the perhydrolase is described 
1 5 Pediydrolase crystals were obtained under two conditions: 2.0 M [NH4I2SO4, 2% 
PEG400, 0.1 M Tris pH 7.1 (giving triclinic, PI crystals) and 1.0 M ammonium 
dihydrogen phosphate, and 0.1M sodium citrate pH 5.6 (giving tetragonal, P4 crystals) 
Both crystal forms gave suitable diffraction beyond 2.0A resolution. Derivative protein 
for a MAD phase determination using selenium replacing sulfur containing methionine 
20 resulting in a protein molecule having four selenomethionines the N-terminal methionine 
is deaved proteolytically. Of the two forms, triclininc PI a= 83.77A b=30.07A c= 
112.115A a =7332° 0= 77.30° y = 88.07° and P4 a=b=98.18A c=230.12A,the 
P4 crystal gave data that was possible to use for structure determination. Three 
wavelength MAD datosets were collected at wavelengths corresponding to the Se 
25 absorption edge, near the inflection point and a third, away from the absorption edge. 
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Three hundred and thirty-three frames (03 degree oscillations per frame) for each 
wavelength with 1 sec exposure time woe collected from a singje tetragonal space group 
P4 crystal. The structure could be solved with either SOLVE or SHELX computer 
programs giving similar solutions for the 32 possible Se positions- The map was fitted 
using the program "O". It was possible to trace electron density for residues 3-216 in 
eadi of the eight independent molecules. The final structure of these eigjrt molecules was 
refined using CNS. The current crystallographic R-fector is 21%. The coordinates are 
provided below. 



CRYSTl 


98.184 


98. 


184 230.119 90.00 90.00 


SCALE1 




0.010185 


0.000000 


0.000000 


SCALE2 




0.000000 


0.010185 


0.000000 


SCALE3 




0.000000 


0.000000 


0.004346 


ATOM 


1 


CB 


LYS 


3 


-8.167 -61.964 


ATOM 


2 


CG 


LYS 


3 


-8.685 -63.192 


ATOM 


3 


CD 


LYS 


3 


-8.635 -64.400 


ATOM 


4 


CE 


LYS 


3 


-7.963 -65.575 


ATOM 


5 


NZ 


LYS 


3 


-7.359 -66.511 


ATOM . 


6 


C 


LYS 


3 


-9.684 ^60.377 


ATOM 


7 


O 


LYS 


3 


-9.087 -59.356 


ATOM 


8 


M 


LYS 


3 


-8.000 -61.626 


ATOM 


9 


CA 


LYS 


3 


-8.919 -61.686 


ATOM 


10 


N 


ARG 




-10.987 -60.381 


ATOM 


11 


CA 


ARG 




-11.695 -59.097 


ATOM 


12 


' CB 


ARG 




-12.299 -58.822 


ATOM 


13 


CG 


ARG 




-11.232 -58.465 


ATOM 


14 


CD 


ARG 




-11.845 -58.181 


ATOM 


15 


NE 


ARG 




-11.660 -56.790 


ATOM 


16 


CZ 


ARG 




-12.643 -56.013 


ATOM 


17 


NH1 


ARG 




-13.879 -56.487 


ATOM 


18 


KH2 


ARG 




-12.399 -54.760 


ATOM 


19 


C 


ARG 




-12.735 -59.054 


ATOM 


20 


O 


ARG 




-13.604 -59.909 


ATOM 


21 


N 


ILE 


5 


-12.639 -58.012 


ATOM 


22 


CA 


ILE 


5 


-13.549 -57.882 


ATOM 


23 


CB 


ILE 


5 


-12.747 -57.835 


ATOM 


24 


CG2 


ILE 


5 


-13.678 -57.677 


ATOM 


25 


CGI 


ILE 


5 


-11.811 -59.034 


ATOM 


26 


CD1 


ILE 


5 


-10.437 -58.632 


ATOM 


27 


C 


ILE 


5 


-14.420 -56.640 



90.00 
0.000000 
0.000000 
0.000000 
18.588 1. 
19.323 1. 
18.399 1. 
19.090 1. 
18.099 1. 
17.426 1. 
17.767 1. 
16.153 1. 
17.284 1. 
17.166 1. 
17.204 1. 
15.822 
14.792 
13.431 
13.020 
12.585 
12.494 
12.229 
18.308 
18.456 
19.131 
20.263 
21.578 
22.765 
21.741 
22.232 
20.142 



000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
.000 
,000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 



40.95 
22.95 
14.97 
19.83 
44.28 
13.89 
12.50 
15.57 
20.71 
24.56 
22.65 
21.44 
21.56 
29.29 
32.87 
30.24 
17.82 
44.53 
14.59 
18.72 
13.45 
12.08 
15.40 

5.80 
11.66 
19.35 

8.96 
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ATOM 


28 


O 


ILE 


ATOM 


29 


N 


LEU 


ATOM 


30 


CA 


LEU 


ATOM 


31 


CB 


LEU 


ATOM 


32 


CG 


LEU 


ATOM 


33 


GDI 


LEU 


ATOM 


34 


CD2 


LEU 


ATOM 


35 


C 


LEU 


ATOM 


36 


O 


LEU 


ATOM 


37 


N 


CYS 


ATOM 


38 


CA 


CYS 


ATOM 


39 


CB 


CYS 


ATOM 


40 


SG 


CYS 


ATOM 


41 


C 


CYS 


ATOM 


42 


0 


CYS 


ATOM 


43 


N 


PBE 


ATOM 


44 


CA 


PHE 


ATOM 


45 


CB 


PHE 


ATOM 


46 


CG 


PHE 


ATOM 


47 


CD1 


PHE 


ATOM 


48 


CD2 


PHE 


ATOM 


49 


CE1 


PHE 


ATOM 


50 


CE2 


PHE 


ATOM 


51 


CZ 


PHE 


ATOM 


52 


C 


PHE 


ATOM 


53 


O 


PHE 


ATOM 


54 


N 


GLY 


ATOM 


55 


CA 


GLY 


ATOM 


56 


C 


GLY 


ATOM 


57 


O 


GLY 


ATOM 


58 


N 


ASP 


ATOM 


59 


CA 


ASP 


ATOM 


60 


CB 


ASP 


ATOM 


61 


CG 


ASP 


ATOM 


62 


OD1 


ASP 


ATOM 


63 


OD2 


ASP 


ATOM 


64 


C 


ASP 


ATOM 


65 


O 


ASP 


ATOM 


66 


N 


SER 


ATOM 


67 


CA 


SER 


ATOM 


68 


CB 


SER 


ATOM 


69 


OG 


SER 


ATOM 


70 


C 


SER 


ATOM 


71 


O 


SER 


ATOM 


72 


N 


LEU 


ATOM 


73 


CA 


LEU 


ATOM 


74 


CB 


LEU 



5 


-13.905 


-55.529 


6 


-15.736 


-56.833 


6 


-16.675 


-55.728 


6 


-17.879 


-56.087 


6 


-18.959 


-54.996 


6 


-18.446 


-53.783 


6 


-20.245 


-55.512 


6 


-17.170 


-55.293 


6 


-17.719 


-56.101 


7 


-16.978 


-54.020 


7 


-17.472 


-53.469 


7 


-16.411 


-52.582 


7 


-14.867 


-53.471 


7 


-18.755 


-52.685 


7 


-18.756 


-51.627 


8 


-19.859 


-53.228 


8 


-21.147 


-52.568 


8 


-22.115 


-53.578 


8 


-23.421 


-53.000 


8 


-23.456 


-52.212 


8 


-24.602 


-53.262 


8 


-24.644 


-51.683 


8 


-25.793 


-52.733 


8 


-25.818 


-51.944 


8 


-21.677 


-51.978 


8 


-21.873 


-52.672 


9 


-21.923 


-50.666 


9 


-22.396 


-50.109 


9 


-22.860 


-48.673 


9 


-23.229 


-48.222 


10 


-22.837 


-47.964 


10 


-23.322 


-46.596 


10 


-24.331 


-46.467 


10 


-23.807 


-47.052 


10 


-22.617 


-46.829 


10 


-24.564 


-47.738 


10 


-22.154 


-45.642 


10 


-21.022 


-45.940 


11 


-22.423 


-44.497 


11 


-21.394 


-43.493 


11 


-22.014 


-42.331 


11 


-22.640 


-42.813 


11 


-20.199 


-44.046 


11 


-19.089 


-43.508 


12 


-20.393 


-45.133 


12 


-19.264 


-45.696 


12 


-19.711 


-46.759 



20.021 1.000 13.31 
20.169 1.000 13.04 
20.059 1.000 8.54 

19.178 1^)00 7.42 
19.120 1.000 14.12 
18.359 1.000 12.19 
18.494 1.000 27.94 
21.436 1.000 2.72 

22.179 1.000 13.36 
21.756 1.000 1.38 
23.011 1.000 3.17 
23.667 1.000 7.01 
23.992 1.000 11.21 
22.776 1.000 0.65 
22.145 1.000 4.76 
23.281 1.000 0.00 
23.053 1.000 1.14 
22.443 1.000 5.54 
21.937 1.000 3.36 
20.800 1.000 0.89 
22.614 1.000 1.39 
20.333 1.000 0.00 
22.148 1.000 4.42 
21.0121.000 2.71 
24.346 1.000 4.46 
25.348 1.000 6.98 
24.384 1.000 5.61 
25.646 1.000 5.44 
25.522 1.000 5.66 
24.440 1.000 14.54 
26.641 1.000 3.89 
26.734 1.000 5.17 
27.880 1.000 2.99 
29.175 1.000 7.05 
29.494 1.000 17.93 
29.895 1.000 10.98 
26.939 1.000 5.15 
26.556 1.000 5.62 
27.554 1.000 9.02 
27.802 1.000 3.43 
28.585 1.000 7.25 
29.763 1.000 18.93 
28.561 1.000 7.58 
28.501 1.000 16.71 
29.308 1.000 6.56 
30.046 1.000 16.41 
31.042 1.000 17.05 
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ATOM 


75 


CG 


LEO 


ATOM 


76 


CD1 


LEO 


ATOM 


77 


CD2 


LEO 


ATOM 


78 


C 


LEO 


ATOM , 


79 


O 


LEO 


ATOM 


80 


N 


THR 


ATOM 


81 


CA 


THR 


ATOM 


82 


CB 


THR 


ATOM 


83 


OG1 


THR 


ATOM 


84 


CG2 


THR 


ATOM 


85 


C 


THR 


ATOM 


86 


O 


THR 


ATOM 


87 


H 


TRP 


ATOM 


88 




TRP 


ATOM 


89 


CB 


TRP 


ATOM 


90 


06 


TRP 


ATOM 


91 


CD2 


TRP 


ATOM 


92 


CE2 


TRP 


ATOM 


93 


CE3 


TRP 


ATOM 


94 


CD1 


TRP 


ATOM 


95 


HE1 


TRP 


ATOM 


96 


CZ2 


TRP 


ATOM 


97 


CE3 


TRP 


ATOM 


98 


CH2 


TRP 


ATOM 


99 


C 


TRP 


ATOM 


100 


O 


TRP 


ATOM 


101 


N 


GLY 


ATOM 


102 


CA 


GLY 


ATOM • 


103 


C 


GLY 


ATOM 


104 


O 


GLY 


ATOM 


105 


N 


TRP 


ATOM 


106 


CA 


TRP 


ATOM 


107 


CB 


TRP 


ATOM 


108 


CG 


TRP 


ATOM 


109 


CD2 


TRP 


ATOM 


110 


CE2 


TRP 


ATOM 


111 


CE3 


TRP 


ATOM 


112 


CD1 


TRP 


ATOM 


113 


NEl 


TRP 


ATOM 


114 


CZ2 


: TRP 


ATOM 


115 


CZ3 


1 TRP 


ATOM 


116 


CH2 


: TRP 


ATOM 


117 


C 


TRP 


ATOM 


118 


O 


TRP 


ATOM 


119 


N 


VAL 


ATOM 


120 


CA 


VAL 


ATOM 


121 


CB 


VAL 



12 


-20.598 - 


-46.336 


12 


-20.866 - 


-47.527 


12 


-19.973 ■ 


-45.184 


12 


-18.269 - 


-46.285 


12 


-17,065 - 


-46.307 


13 


-18.828 • 


-46.764 


13 


-18.014 • 


-47.347 


13 


-18.828 • 


-48.381 


13 


-19.109 


-49.487 


13 


-18.033 


-48.940 


13 


-17.490 


-46.245 


13 


-16.315 


-46.220 


14 


-18.376 


-45.317 


14 


-17.992 


-44.210 


14 


-19.208 


-43.329 


14 


-18.917 


-42.183 


14 


-18.731 


-40.813 


14 


-18.483 


-40.081 


14 


-18.752 


-40.147 


14 


-18.779 


-42.222 


14 


-18.517 


-40.963 


14 


-18.255 


-38.705 


14 


-18.526 


-38.783 


14 


-18.282 


-38.084 


14 


-16.880 


-43.353 


14 


-16.107 


-42.745 


15 


-16.794 


-43.283 


15 


-15.794 


-42.475 


15 


-16.249 


-41.098 


15 


-15.480 


-40.136 


16 


-17.471 


-40.952 


16 


-17.988 


-39.691 


16 


-19.408 


-39.890 


16 


-20.139 


-38.694 


16 


-21.229 


-38.008 


16 


-21.613 


-36.942 


16 . 


-21.923 


-38.186 


16 


-19.927 


-38.021 


16 


-20.798 


-36.973 


16 


-22.649 


-36.063 


16 


-22.952 


-37.317 


16 


-23.306 


-36.269 


16 


-17.059 


-39.154 


16 


-16.846 


-39.815 


17 


-16.533 


-37 . 952 


17 


-15.750 


-37.256 


17 


-14.822 


-36.191 



32.210 1.000 18.22 
33.123 1.000 7.48 
32.988 1.000 10.83 
29.048 1.DP0 14.99 
29.267 1.000 6.10 
27.940 1.000 14.77 
26.876 1.000 8.83 
26.080 1.000 6.87 
26.949 1.000 10.06 
24.914 1.000 16.85 
25.970 1.000 4.56 
25.616 1.000 11.71 
25.612 1.000 5.57 
24.742 1.000 7.21 
24.453 1.000 6.90 
23.537 1.000 11.88 
23.924 1.000 13.72 
22.745 1.000 11.95 
25.152 1.000 10.63 
22.181 1.000 8.28 
21.694 1.000 7.16 
22.763 1.000 5.39 
25.168 1.000 12.55 
23.981 1.000 12.81 
25.327 1.000 5.41 
24.582 1.000 4.90 
26.652 1.000 8.94 
27.318 1.000 4.51 
27.755 1.000 10.98 
27.646 1.000 15.11 
28.255 1.000 23.34 
28.792 1.000 15.10 
29.327 1.000 6.11 
29.846 1.000 1.78 
29.213 1.000 8.98 
30.051 1.000 7.76 
28.009 1.000 15.66 
31.016 1.000 0.35 
31.154 1.000 8.35 
29.734 1.000 5.16 
27.692 1.000 5.34 
28.551 1.000 4.72 
29.881 1.000 7.85 
30.899 1.000 3.97 
29.685 1.000 5.45 
30.695 1.000 12.08 
30.082 1.000 17.55 
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ATOM 


122 


CGI 


VAL 


17 


-14.084 


-35.443 


ATOM 


123 


CG2 


VAL 


17 


-13,841 


-36.807 


ATOM 


124 


C 


VAL 


17 


-16.673 


-36.565 


ATOM 


125 


O 


VAL 


17 


-17.390 


-35.618 


ATOM 


126 


N 


PRO 


18 


-16.660 


-37.034 


ATOM 


127 


CD 


PRO 


18 


-15.770 


-38.071 


ATOM 


128 


CA 


PRO 


18 


-17.572 


-36.501 


ATOM 


129 


CB 


PRO 


18 


-17.201 


-37.294 


ATOM 


130 


CG 


PRO 


18 


-15.817 


-37.789 


ATOM 


131 
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-22.024 -30.134 26.520 1.000 4.03 
-22.002 -28.762 27.105 1.000 6.80 
-20.622 -31.273 28.222 1.000 14.45 
-20.034 -30.591 29.056 1.000 19.65 
-20.062 -32.310 27.600 1.000 13.21 
-18.685 -32.690 27.894 1.000 11.82 
-18.691 -33.772 28.987 1.000 12.19 
-17.348 -34.104 29.355 1.000 19.38 
-19.372 -35.027 28.454 1.000 0.00 
-18.009 -33.160 26,620 1.000 14.10 
-18.555 -33.019 25.518 1.000 16.46 
-16.818 -33.724 26.762 1.000 12.30 
-16.157 -34.314 25.598 1.000 13.24 
-14.909 -33.518 25.225 1.000 15.75 
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-11.826 -39.379 26.955 1.000 9.91 
-11.783 -40.575 27.900 1.000 10.13 
-12.084 -40.263 29.355 1.000 11.54 
-11.250 -39.431 30.084 1.000 8.88 
-13.194 -40.802 29.979 1.000 11.27 
-11.535 -39.156 31.408 1.000 8.90 
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26.917 
26.660 
26.198 
27.293 
25.733 
25.720 
25.740 
24.659 
23.451 
22.530 
23.761 
23.367 
24.456 
24.833 
25.744 
25.378 
26.214 
25.933 
27.248 
25.525 
25.106 
26.552 
27.337 
28.484 
29.624 
30.406 
31.344 
30.008 



1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
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1.000 
1.000 
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1.000 
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1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
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41 -3.261 -55.694 

41 -2.442 -56.589 

42 -4.190 -55.776 
42 -4.373 -57.007 
42 -5.707 -56.920 
42 -6.934 -57.122 
42 -8.226 -57.077 
42 -6.810 -58.438 
42 -3.217 -57.312 

42 -2.770 -58.457 

43 -2.693 -56.312 
43 -1.605 -56.590 
43 -2.086 -56.793 

43 -3.284 -56.838 

44 -1.136 -56.927 
44 -1.317 -57.012 
44 0.048 -56.939 
44 -2.034 -58.272 

44 -2.146 -58.520 

45 -2.524 -59.086 
45 -3.230 -60.298 
45 -2.705 -61.491 
45 -1.201 -61.625 
45 -0.710 -61.174 
45 -0.517 -62.159 
45 -4.732 -60.107 

45 -5.535 -60.992 

46 -5.097 -58.914 
46 -6.485 -58.519 
46 -6.909 -58.479 
46 -6.474 -59.693 
46 -5.160 -59.814 
46 -7.383 -60.690 
46 -4.760 -60.917 
46 -6.990 -61.794 
46 -5.680 -61.904 
46 -6.725 -57.149 

46 -5.816 -56.366 

47 -7.992 -56.883 
47 -8.469-55.616 
47 -8.667 -55.644 
47 -8.791 -54.276 
47 -9.726 -54.293 
47 -9.575 -55.205 
47 -10.602 -53.408 
47 -9.781 -55.280 
47 -10.722 -56.071 



26.493 1.000 28.40 
26.703 1.000 26.71 
25.546 1.000 28.62 
24.780 1.000 26.50 
24.012 1.000 19.31 
24.914 1.000 16.32 
24.119 1.000 10.94 
25.673 1.000 15.03 
23.846 1.000 23.29 
23.728 1.000 20.82 
23.141 1.000 22.18 
22.215 1.000 16.95 
20.791 1.000 23.97 
20.514 1.000 27.50 
19.879 1.000 22.72 
18.448 1.000 24.25 
17.755 1.000 13.44 
17.990 1.000 23.83 
16.787 1.000 17.77 
18.917 1.000 21.59 
18.495 1.000 17.80 
19.296 1.000 18.22 
19.113 1.000 24.69 
18.053 1.000 34.10 
20.007 1.000 33.14 
18.647 1.000 11.82 
18.364 1.000 23.89 
19.097 1.000 9.27 
19.253 1.000 12.25 
20.722 1.000 14.52 
21.529 i;000 11.99 
21.956 1.000 12.17 
21.846 1.000 8.34 
22.683 1.000 13.46 
22.575 1.000 6.30 
22.998 1.000 8.44 
18.615 1.000 13.30 
18.366 1.000 27.22 
18.349 1.000 12.78 
17.833 1.000 9.15 
16.325 1.000 11.20 
15.670 1.000 21.84 
14.474 1.000 25.88 
13.632 1.000 30.74 
14.388 1.000 7.59 
18.550 1.000 11.37 
18.545 1.000 11.73 
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-9.775 ■ 


-54.103 
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-10.954 -53.604 
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-10.595 • 


-52.826 


48 


-11.842 • 


-52.251 


48 


-9.849 • 


-53.732 


48 


-11.745 -52.714 


48 


-11.147 


-51.879 


49 


-13.046 


-52.943 


49 


-14.031 


-52.170 


49 


-14.879 


-53.068 


49 


-15.735 


-52.214 


49 


-14.049 


-54.081 


49 


-14.687 


-54.559 


49 


-14 . 930 


-51.406 


49 


-15.531 


-52.013 


50 


-15.000 


-50.085 


50 


-15.730 


-49.277 


50 


-14.967 


-47.984 


50 


-13.623 


-48.203 


50 


-12.768 


-46.966 


50 


-12.744 


-46.077 


50 


-12.079 


-46.870 


50 


-17.145 


-48.962 


50 


-17.358 


-48.318 


51' 


-18.118 


-49.429 


51 


-19.524 


-49.179 


51 


-20.173 


-50.400 


51 


-19.757 


-50.596 


51 


-20.348 


-49.531 


51 


-21.352 


-48.912 


51 


-19.820 


-49.309 


51 


-20.295 


-48.788 


51 


-21.202 


-49.495 


52 


-19.906 


-47.655 


52 


-20.533 


-47.140 


52 


-21.329 


-45.887 


52 


-20.785 


-44.950 


53 


-22.607 


-45.890 


53 


-23.498 


-44.764 


53 


-24.627 


-45.195 


53 


-25.576 


-44.164 


53 


-26.721 


-43.872 


53 


-24.856 


-42.874 
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-24.035 


-44.204 
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-44.920 


54 
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54 
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19.160 1.000 10.53 
19.843 1.000 8.11 
21.115 1.000 9.71 
21.773 1.000 15.31 
22.085 1.000 7.41 
18.882 1.000 12.72 
18.203 1.000 10.16 
18.862 1.000 13.04 
18.122 1.000 14.10 
17.203 1.000 16.77 
16.285 1.000 1.57 
16.415 1.000 18.1CT 
15.133 1.000 14.33 
19.091 1.000 9.02 
19.983 1.000 15.82 
18.932 1.000 5.34 
19.911 1.000 12.03 
20.222 1.000 10.36 
20.889 1.000 7.32 
21.056 1.000 7.06 
20.177 1.000 5.78 
22.101 1.000 25.19 
19.446 1.000 6.79 
18.423 1.000 8.80 
20.225 1.000 9.34 
19.924 1.000 16.23 
19.270 1.000 15.22 
17.820 1.000 18.3? 
16.917 1.000 17.99 
17.332 1.000 26.29 
15.809 1.000 15.93 

21.184 1.000 10.51 
21.623 1.000 7.29 
21.751 1.000 5.90 
22.961 1.000 3.93 
22.635 1.000 6.21 
22.057 1,000 16.40 
22.989 1.000 11.68 
22.710 1.000 7.60 
21.792 1.000 4.45 

21.185 1.000 3.84 
22.141 1.000 15.09 
20.817 1.000 3.41 
24.023 1.000 5.05 
24.801 1.000 5.74 
24.251 1.000 9.85 
25.502 1.000 10.24 
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25.524 1.000 7.63 
25.640 1.000 4.65 
25.691 1.000 7.74 
24.717 1.000 10.39 
26.920 1.000 0.00 
27.218 1.000 0.00 
26.713 1.000 0.00 
26.640 1.000 6.11 
26.816 1.000 2.57 
25.971 1.000 8.50 
25.433 1.000 5.94 
24.672 1.000 0.00 
24.247 1.000 2.73 
23.307 1.000 0.00 
21.935 1.000 6.44 
21.170 1.000 11.18 
21.666 1.000 0.00 
19.928 1.000 1.13 
26.526 1.000 12.43 
27.556 1.000 10.16 

26.262 1.000 9.24 
27.120 1.000 9.36 
27.315 1.000 4.78 
26.146 1.000 3.70 
27.484 1.000 0.00 
26.532 1.000 10.18 
25.378 1.000 12.60 
27.286 1.000 5.87 
26.769 1.000 1.65 
27.853 1.000 5.35 
28.413 1.000 12.48 
29.002 1.000 11.47 
25.624 1.000 1.31 
24.506 1.000 7.78 
25.867 1.000 4.91 
24.772 1.000 11.25 
24.624 1.000 9.19 
25.629 1.000 9.50 
26.725 1.000 13.36 

25.263 1.000 4.31 
24.960 1.000 8.67 
24.574 1.000 12.75 
25-548 1.000 10.46 
25.722 1.000 10.70 
27.198 1.000 11.36 
28.112 1.000 0.00 
27.417 1.000 8.05 
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28.860 1.000 27.90 
25.177 1.000 16.37 
25.374 1.000 28.53 
24.470 1.000 18.37 
23.821 1.000 12.62 
22.977 1.000 12.58 
21.725 1.000 12.09 
21.349 1.000 16.37 

21.122 1.000 23.20 
24.794 1.000 11.54 
25.702 1.000 8.66 
24.603 1.000 8.03 
25.431 1.000 14.39 
25.565 1.000 13.94 
26.656 1.000 18.06 
27.622 1.000 13.05 
26.536 1.000 20.19 
24.844 1.000 13.14 
23.731 1.000 14.36 
25.553 1.000 8.49 
26.951 1.000 4.73 
24.972 1.000 16.60 

26.123 1.000 11.61 
27.352 1.000 8.04 
24.531 1.000 19.70 
23.835 1.000 10.26 
24.922 1.000 22.29 
24.534 1.000 19.30 
25.769 1.000 20.62 
26.045 1.000 30.42 
26.992 1.000 7.89 
23,497 1.000 19.22 
23.183 1.000 11.15 



22.965 
21.967 
22.605 
21.638 
20.550 
21.983 
21.382 



1.000 15.61 
1.000 18.78 
1.000 20.50 
1.000 17.33 
1.000 19.33 
1.000 15.26 
1.000 14.84 
22.060 1.000 8.38 
20.115 1.000 15.75 
19.235 1.000 23.61 
19.441 1.000 9.14 
18.206 1.000 14.38 
17.902 1.000 16.45 
18.995 1.000 8.15 
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33.768 


1.000 


17.05 
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93 


-24.811 


-48.063 


34.024 
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26.81 
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THR 


93 


-25.847 


-46.068 


34.778 
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C 
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93 


-28.386 


-47.075 


33.551 


1.000 


9.26 
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O 
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93 


-29.037 


-46.491 


34.419 
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14.18 


ATOM 
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N 


ASN 


94 


-28.614 


-46.927 


32.250 


1.000 


0.69 


ATOM 
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CA 
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94 


-29.609 


-45.981 


31.755 


1.000 


5.12 


ATOM 


701 


CB 


ASN 


94 


-29.333 


-45.677 


30.274 


1.000 


9.42 


ATOM 


702 


CG 


ASN 


94 


-27.990 


-44.983 


30.120 


1.000 


10.74 


ATOM- 


703 


OD1 


ASN 


94 


-27.679 


-44.062 


30.873 


1.000 


21.66 


ATOM 


704 


ND2 


ASN 


94 


-27.175 


-45.417 


29.174 


1.000 


18.23 


ATOM 


705 


C 


ASN 


94 


-31.029 


-46.481 


31.986 


1.000 


5.80 


ATOM 


706 


O 


ASN 


94 


-31.889 


-45.654 


32.317 


1.000 


4.04 


ATOM 


707 


N 


ASP 


95 


-31.282 


-47.777 


31.863 


1.000 


4.02 


ATOM 


708 


CA 


ASP 


95 


-32.568 


-48.411 


32.137 


1.000 


7.86 


ATOM 


709 


CB 


ASP 


95 


-32.522 


-49.913 


31.880 


1.000 


5.49 


ATOM 


710 


CG 


ASP 


95 


-32.090 


-50.392 


30.521 


1.000 


10.09 


ATOM 


711 


OD1 


ASP 


95 


-30.998 


-50.021 


30.040 


1.000 


16.22 


ATOM 


712 


OD2 


ASP 


95 


-32.843 


-51.184 


29.907 


1.000 


15.98 


ATOM 


713 


C 


ASP 


95 


-33.020 


-48.208 


33.591 


1.000 


9.17 


ATOM 


714 


O 


ASP 


95 


-34 .188 


-48.361 


33.958 


1.000 


6.43 


ATOM 


715 


N 


THR 


96 


-32.051 


-47.882 


34.421 


1.000 


11.45 


ATOM 


716 


CA 


THR 


96 


-32.122 


-47.529 


35.823 


1.000 


16.75 


ATOM 


717 


CB 


THR 


96 


-30.697 


-47. 638 


36. 412 


1.000 


24 . 78 


ATOM 


718 


OG1 


THR 


96 


-30.607 


-48.784 


37 .274 


1.000 


17. 62 


ATOM 


719 


CG2 


THR 


96 


-30.350 


-46.409 


37.229 


1.000 


12.12 


ATOM 


720 


C 


THR 


96 


-32.697 


-46.132 


35.997 


1.000 


12.12 


ATOM 


721 


O 


THR 


96 


-33.047 


-45.678 


37.088 


1.000 


10.94 


ATOM 


722 


N 


LYS 


97 


-32.820 


-45.406 


34.883 


1.000 


12.18 


ATOM 


723 


CA 


LYS 


97 


-33.387 


-44.060 


34.954 


1.000 


14.27 


ATOM 


724 


CB 


LYS 


97 


-33.247 


-43.336 


33.620 


1.000 


13.25 


ATOM 


725 


CG 


LYS 


97 


-31.996 


-42.477 


33.500 


1.000 


11.50 


ATOM 


726 


CD 


LYS 


97 


-31.819 


-41.935 


32.086 


1.000 


3.08 


ATOM 
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CE 
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97 


-30.344 


-41.856 


31.717 


1.000 


0.00 
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NZ 
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97 


-30.131 


-41.152 


30.416 


1.000 


0.00 
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C 
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97 


-34.848 


-44.112 


35.403 


1.000 


12.44 
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730 


0 
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97 


-35.636 


-44.914 


34.911 


1.000 


8.04 
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N 
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98 


-35.179 


-43.246 


36.355 


1.000 


11.97 


ATOM 


732 


CA 
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98 


-36.454 


-43.218 


37.047 


1.000 
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-43.246 
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0 
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98 


-38.651 
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N 
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99 
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CA 
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99 


-38.695 


-42.403 
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CB 
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99 


-38.521 


-41.297 
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CG 


TYR 


99 


-37.300 


-41.251 


ATOM 


740 


CD1 


TYR 


99 


-37.261 


-41.912 


ATOM 


741 


CE1 


TYR 


99 


-36.144 


-41.874 
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CD2 


TYR 


99 


-36.173 


-40.533 


ATOM 
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CE2 
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99 


-35.051 


-40.482 
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CZ 


TYR 


99 


-35.044 


-41.154 


ATOM 
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OH 
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99 


-33.925 


-41.102 
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c 


TYR 


99 


. -38.990 


-43.726 


ATOM 


747 


0 


TYR 


99 


-40.121 


-43^927 


ATOM 
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N 


PRE 


100 


-37.993 


-44.606 


ATOM 


749 


CA 


PHE 


100 


-38.237 


-45.908 


ATOM 


750 


CB 


PHE 


100 


-36.903 


-46.556 


ATOM 


751 


CG 


PHE 


100 


-36.316 


-45.980 


ATOM 


752 


CD1 


PHE 


100 


-35.018 


-45.506 


ATOM 


753 


CD2 


PHE 


100 


-37.080 


-45.919 


ATOM 


754 


CE1 


PHE 


100 


-34.489 


-44.981 


ATOM 


755 


CE2 


PHE 


100 


-36.557 


-45.398 


ATOM 


756 


CZ 


PHE 


100 


-35.260 


-44.925 


ATOM 


757 


C 


PHE 


100 


-39.051 


-46.829 


ATOM 


758 


O 


PHE 


100 


-39.711 


-47.750 


ATOM 


759 


N 


ARG 


101 


-39.032 


-46.629 


ATOM 


760 


CA 


ARG 


101 


-39.783 


-47.468 


ATOM 


761 


CB 


ARG 


101 


-41.294 


-47.296 


ATOM 


762 


CG 


ARG 


101 


-41.890 


-45.959 


ATOM 


763 


CD 


ARG 


101 


-43.376 


-45.918 


ATOM 


764 


NE 


ARG 


101 


-43.818 


-44.553 


ATOM 


765 


CZ 


ARG 


101 


-43.797 


-43.583 


ATOM 


766 


NH1 


ARG 


101 


-43.355 


-43.839 


ATOM 


767 


NH2 


ARG 


101 


-44.206 


-42.361 


ATOM 


768 


C 


ARG 


101 


-39.472 


-48.955 


ATOM 


769 


O 


ARG 


101 


-40.376 


-49.782 


ATOM 


770 


N 


ARG 


102 


-38.238 


-49.319 


ATOM 


771 


CA 


ARG 


102 


-37.887 


-50.733 


ATOM 


772 


CB 


ARG 


102 


-36.899 


-50.962 


ATOM 


773 


CG 


ARG 


102 


-37.497 


-50.805 


ATOM 


774 


CD 


ARG 


102 


-36.518 


-51.198 


ATOM 


775 


NE 


ARG 


102 


-37.140 


-51.842 


ATOM 


776 


CZ 


ARG 


102 


-36.540 


-52.606 


ATOM 


777 


NH1 


ARG 


102 


-35.240 


-52.877 


ATOM 


778 


NH2 


: ARG 


102 


-37.232 


-53.131 


ATOM 


779 


C 


ARG 


102 


-37.320 


-51.275 



37.943 1.000. 3.36 
36.100 1.000 12.00 
36.355 1.000 22.61 
34.988 1^000 12.39 
34.107 1.000 7.25 
33.087 1.000 9.11 
32.217 1.000 15.58 
30.995 1.000 13.09 
30,186 1.000 9.06 

32.598 1.000 14.48 
31.796 1.000 15.13 
30.591 1.000 11.74 
.29.794 1.000 6.20 
33.413 1.000. 11.25 
32.963 1.000 12.89 
33.351 1.000 4.63 
32.731 1.000 1.01 
32.348 1.000 3.41 
31.070 1.000 11.77 
31.032 1.000 * 7.50 
29.917 1.000 16.94 

29.868 1.000 7.31 
1.000 12.92 
1.000 7.58 
1.000 6.94 

33.131 1.000 9.31 
34.943 1.000 12.10 

35.869 1.000 12.96 
35.695 1.000 16.21 

1.000 19.51 
1.000 25.82 
35.466 1.000 31.88 
36.373 1.000 33.97 

37.599 1.000 43.49 
36.067 1.000 44.85 
35.704 1.000 12.20 
35.878 1.000 12.48 
35.378 1.000 8.86 
35.264 1.000 11.00 
34.115 1.000 6.96 
32.720 1.000 9.64. 
31.624 1.000 8.07 
30.474 1.000 4.64 
29.571 1.000 7.34 
29.628 1.000 1-45 
28.567 1.000 6.11 
36.577 1.000 11.09 



28.748 
28.722 
33.628 



36.087 
35.740 
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CA 
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-36.898 
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THR 
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-37.844 


-54.376 
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-38.083 


-55.384 
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785 
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THR 
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-39.199 


-53.771 
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C 


THR 
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-35.618 


-53.966 
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0 


THR 


103 


-35.409 


-53.986 
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N 


PRO 


104 


-34.765 


-54,474 
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789 


CD 


PRO 


104 


-34.799 


-54.363 


ATOM 


790 


CA 


PRO 


104 


-33.598 


-55.230 


ATOM 


791 


CB 


PRO 


104 


-32.968 


-55.748 


ATOM 


792 


CG 


PRO 


104 


-33.402 


-54.759 


ATOM 


793 


C 


PRO- 


104 


-34.010 


-56.400 


ATOM 


794 


0 


PRO 


104 


-33.251 


-56.728 


ATOM 

nlVAi 


795 


N 


LEU 


105 


-35.164 


-56.994 


ATOM 


796 


CA 


LEU 


105 


-35.690 


-58.071 


ATOM 


797 


CB 


LEU 


105 


—36.989 


-58.642 


ATOM 


798 


CG 


LEU 


105 


-37.304 


-60.122 


ATOM 


799 


CD1 


LEU 


105 


-38.804 


-60.319 


ATOM 


800 


CD2 


LEU 


105. 


-36.533 


-60.744 


ATOM 


801 


c 


LEU 


105 


-35.923 


-57.566 


ATOM 


802 


0 


LEU 


105 


-35.415 


-58.168 


ATOM 


803 


N 


ASP 


106 


-36.686 


-56.484 


ATOM 


804 


CA 


ASP 


106 


-36.922 


-55.878 


ATOM 


805 


CB 


ASP 


106 


-37.636 


-54.538 


ATOM 


806 


CG* 


ASP 


106 


-39.046 


-54.638 


ATOM 


807 


OD1 


ASP 


106 


-39.726 


-55.653 


ATOM 


808 


OD2 


ASP 


106 


-39.479 


-53.686 


ATOM 


809 


C 


ASP 


106 


-35.607 


-55.668 


ATOM 


810 


0 


ASP 


106 


-35.504 


-55.987 


ATOM 


811 


N 


ILE 


107 


-34.614 


-55.131 


ATOM 


812 


CA 


ILE 


107 


-33.321 


-54.814 


ATOM 


813 


CB 


ILE 


107 


-32.444 


-54.016 


ATOM 


814 


CG2 


ILE 


107 


-31.125 


-53.622 


ATOM 


815 


CGI 


ILE 


107 


-33.146 


-52.790 


ATOM 


816 


CD1 


ILE 


107 


-32.174 


-51.779 


ATOM 


817 


C 


ILE 


107 


-32.564 


-56.059 


ATOM 


818 


0 


ILE 


107 


-31.877 


-56.024 


ATOM 


819 


K 


ALA 


108 


-32.691 


-57.148 


ATOM 


820 


CA 


ALA 


108 


-32.021 


-58.398 


ATOM 


821 


CB 


ALA 


108 


-32.089 


-59.399 


ATOM 


822 


C 


ALA 


108 


-32.637 


-59.018 


ATOM 


823 


0 


ALA 


108 


-31.952 


-59.619 


ATOM 


824 


N 


LEU 


109 


-33.956 


-58.864 


ATOM 


825 


CA 


LEU 


109 


-34.609 


-59.401 


ATOM 


826 


CB 


LEU 


109 


-36.125 


-59.391 



37.394 1.000 10.02 
36.785 1.000 11.01 
37.893 1,000. 12.65 
38.462 1.000 7.64 
37.468 1.000 11.29 
38.790 1.000 15.33 
37.390 1.000 10.55 
36.173 1.000 9.17 
38.264 1.000 10.17 
39.731 1.000 14.03 
37.803 1.000 6.81 
39.094 1.000 5.25 
1.000 



40.129 
36.911 1.000 
35.998 1.000 
37.173 
36.341 
36.890 
36.695 
36.480 



8.07 
5.89 
5.49 
1.000 2.55 
1.000 10.27 



1.000 11.51 
1.000 16.39 
4.05 



1.000 
35.542 1.000 15.49 
34.915 1.000 14.30 
33.969 1.000 14.22 
34.791 1.000 11.11 
33.482 1.000 8.08 
33.621 1.000 14.02 
34.152 1.000 13.88 
33.875 1.000 19.94 
34.843 1.000 4.29 
32.734 1.000 7.79 
31.554 1;000 10.52 



1.000 5.00 
1.000 6.63 
33.828 1.000 14.49 
33.184 1.000 7.24 
34.415 1.000 16.93 
1.000 19.38 
1.000 5.12 
1.000 4.80 
1.000 5.34 
1.000 4.25 
1.000 2.49 
31.568 1.000 2.89 
30.738 1.000 11.68 
31.449 1.000 0.00 
1.000 6.18 
1.000 12.37 



33.438 
32.845 



34.992 
32.405 
31.381 
33.157 
32.812 
33.956 



30.251 
30.435 
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-34.171 
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1 . UUU 


10.30 


ATOM 


831 


O 


LEO 


109 


-34.035 


-59.139 


27. 915 


1 AAA 

1 • UUU 


18.00 


ATOM 


832 


N 


GLY 


110 


-33.918 


-57.323 


29. 193 


1 AAA 

1.000 


11.78 


ATOM 


833 


CA 


GLY 


110 


-33.426 


-56.535 


28.069 


1 . 000 


8.26 


ATOM 


834 


C 


GLY 


110 


-32.028 


-56.976 


27 * 666 


1.000 


7.06 


ATOM 


835 


O 


GLY 


110 


-31.757 


-57.155 


26.482 


1.000 


18.68 


ATOM 


836 


N 


MET 


111 


-31.149 


-57.149 


28.651 


1.000 


5.04 


ATOM 


837 


CA 


MET 


111 


-29.812 


-57.661 


28.414 


1 .000 


4.52 


ATOM 


838 


CB 


MET 


111 


-28.962 


-57.717 


29.683 


1.000 


1.61 


ATOM 


839 


CG 


MET 


111 


-27.663 


-58.503 


29.542 


1.000 


0.00 


ATOM 


840 


XD 


MET 


111 


-26.456 


-57.694 


28.453 


1.000 


16.83 


ATOM 


841 


CB 


MET 


111 


-25.895 


-56*355 


29.497 


1.000 


5.08 


ATOM 


842 


C 


MET 


111 


-29.915 


-59,066 


27.821 


1.000 


6.40 


ATOM 


843 


O 


MET 


111 


-29.098 


-59.476 


27.005 


1.000 


8.66 


ATOM 


844 


N 


SER 


112 


-30.937 


-59.795 


28.270 


1.000 


5.55 


ATOM 


845 


CA 


SER 


112 


-31.140 


-61.133 


27.731 


1.000 


8.05 


ATOM 


846 


CB 


SER 


112 


-32.322 


-61.821 


28.405 


1.000 


10.37 


ATOM 


847 


OG 


SER 


112 


-33.488 


-61.744 


27.609 


1.000 


8.11 


ATOM 


848 


C 


SER 


112 


-31.341 


-61.034 


26.217 


1.000 


6.07 


ATOM 


849 


O 


SER 


112 


-30.761 


-61.823 


25.471 


1.000 


9.26 


ATOM 


850 


N 


VAL 


113 


-32.142 


-60.065 


25.803 


1.000 


4.80 


ATOM 


851 


CA 


VAL 


113 


-32.424 


-59.788 


. 24.401 


1.000 


9.22 


ATOM 


852 


CB 


VAL 


113 


-33.414 


-58.615 


24.266 


1.000 


n or 

9.35 


ATOM 


853 


CGI 


VAL 


113 


-33.350 


-57.979 


22.886 


1.000 


0.53 


ATOM 


854 


CG2 


VAL 


113 


-34.830 


-59.090 


24 .567 


1.000 


15. 43 


ATOM 


855 


C " 


VAL 


113 


-31.149 


-59.490 


23. 616 


1 AAA 

1.000 


i o iq 


ATOM 


856 


O 


VAL 


113 


-31.027 


-59.900 


22 . 456 


4 AAA 

1.000 
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LEO 


114 


-30.199 


-58.791 


24 .235 
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CA 
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-28.948 


-58.431 
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LEO 
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4.93 
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LEO 
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-28.938 


-55.983 


24.427 


1.000 


6.23 


ATOM 


861 


CD1 


LEO 


114 


-28.122 


-54.973 


25.221 


1.000 


8.47 


ATOM 


862 


CD2 


LEU 


114 


-29.228 


-55.450 


23.032 


1.000 


0.00 


ATOM 


863 


C 


LEU 


114 


-28.018 


-59.628 


23.407 


1.000 


5.15 


ATOM 


864 


O 


LEU 


114 


-27.310 


-59.762 


22.410 


1.000 


8.05 


ATOM 


865 


N 


VAL 


115 


-28.028 


-60.503 


24.403 


1.000 


5.78 


ATOM 


866 


CA 


VAL 


115 


-27.223 


-61.717 


24.373 


1.000 


8.93 


ATOM 


867 


CB 


VAL 


115 


-27.202 


-62.383 


25.762 


1.000 


8.05 


ATOM 


868 


CGI 


VAL 


115 


-26.501 


-63.729 


25.720 


1.000 


0.00 


ATOM 


869 


CG2 


VAL 


115 


-26.543 


-61.439 


26.759 


1.000 


0.00 


ATOM 


870 


C 


VAL 


115 


-27.763 


-62.685 


23.330 


1.000 


9.50 


ATOM 
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O 


VAL 


115 


-27.007 


-63.390 


22.662 


1.000 


9.58 


ATOM 
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N 


THR 
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-29.087 


-62.715 


23.179 


1.000 


8.15 
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CA 


THR 
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-29.688 
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22.199 


1.000 


8.38 
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10 



15 



20 



25 



30 



35 



40 



45 



ATOM 


874 


CB 


THR 


116 


-31.222 


-63.622 


ATOM 


875 


OG1 


THR 


116 


-31.575 


-64.207 


ATOM 


876 


CG2 


THR 


116 


-31.848 


-64.479 


ATOM 


877 


C 


THR 


116 


-29.316 


-63.241 


ATOM 


878 


O 


THR 


116 


-29.011 


-64.127 


ATOM 


879 


N 


GLN 


117 


-29.345 


-61.945 


ATOM 


880 


CA 


GLN 


117 


-28.956 


-61.430 


ATOM 


881 


CB 


GLN 


117 


-29.166 


-59.920 


ATOM 


882 


CG 


GLN 


117 


-30.592 


-59.440 


ATOM 


883 


CD 


GLN 


117 


-30.699 


-57.933 


ATOM 


884 


OE1 


GLN 


117 


-29.801 


-57.260 


ATOM 


885 


NE2 


GLN 


117 


-31.811 


-57.376 


ATOM 


886 


C 


GLN 


117 


-27.499 


-61.761 


ATOM 


887 


0 


GLN 


117 


-27.105 


-62.023 


ATOM 


888 


N 


VAL 


118 


-26.652 


-61.751 


ATOM 


889 


CA 


VAL 


118 


-25.258 


-62.146 


ATOM 


890 


CB 


VAL 


118 


-24.340 


-61.768 


ATOM 


891 


CGI 


VAL 


118 


-22.892 


-62.118 


ATOM 


892 


CG2 


VAL 


118 


-24.452 


-60.291 


ATOM 


893 


C 


VAL 


118 


-25.166 


-63.652 


ATOM 


894 


O 


VAL 


118 


-24.354 


-64.107 


ATOM 


895 


N 


LEO 


119 


-25.993 


-64.431 


ATOM 


896 


CA 


LED 


119 


-25.916 


-65.885 


ATOM 


897 


CB 


LEU 


119 


-26.679 


-66.572 


ATOM 


898 


CG 


LEU 


119 


-25.981 


-66.556 


ATOM 


899 


CD1 


LEU 


119 


-26.800 


-67.296 


ATOM 


900 


CD2 


LEU 


119 


-24.580 


-67.150 


ATOM 


901 


C 


LEU 


119 


-26.446 


-66.362 


ATOM 


902 


O 


LEU 


119 


-26.022 


-67.409 


ATOM 


903 


N 


THR 


120 


-27.364 


-65.608 


ATOM 


904 


CA 


THR 


120 


-27.964 


-65.985 


ATOM 


905 


CB 


THR 


120 


-29.497 


-65.798 


ATOM 


906 


OG1 


THR 


120 


-29.805 


-64.405 


ATOM 


907 


CG2 


THR 


120 


-30.121 


-66.535 


ATOM 


908 


C 


THR 


120 


-27,419 


-65.198 


ATOM 


909 


O 


THR' 


120 


-28.061 


-65.190 


ATOM 


910 


N 


SER 


121 


-26.272 


-64.533 


ATOM 


911 


CA 


SER 


121 


-25.774 


-63.675 


ATOM 


912 


CB 


SER 


121 


-25.000 


-62.487 


ATOM 


913 


OG 


SER 


121 


-23.826 


-62.954 


ATOM 


914 


C 


SER 


121 


-24.852 


-64.353 


ATOM 


915 


O 


SER 


121 


-24.360 


-63.660 


ATOM 


916 


N 


ALA 


122 


-24.603 


-65.645 


ATOM 


917 


CA 


ALA 


122 


-23.748 


-66.370 


ATOM 


918 


CB 


ALA 


122 


-23.820 


-67.868 


ATOM 


919 


C 


ALA 


122 


-24.124 


-66.083 


ATOM 


920 


O 


ALA 


122 


-25.311 


-66.050 



22.327 1.000 12.50 
23.585 1.000 13.40 
21.233 1.000 10.82 
20.771 1.400 5.56 
19.966 1.000 5.27 
20.473 1.000 8.17 
19.160 1.000 -9.93 
19.080 1.000 3.66 
19.279 1.000 6.21 
19.390 1.000 7.09 
19.896 1.000 12.85 
18.914 1.000 7.39 
18.847 1.000 11.60 
17.706 1.000 9.03 
19.879 1.000 11.77 
19.659 1.000 8.34 
20.831 1.000 0.49 
20.499 1.000 21.94 
21.169 1.000 3.31 
19.417 1.000 10.48 
18.607 1.000 10.54 
1.000 



20.112 

19.993 1.000 
21.135 1.000 
22.498 
23.548 
22.403 



7.97 
8.73 
8.06 
1.000 21.06 



5.53 



1.000 

1.000 21.96 
18.649 1.000 5.78 
18.153 1.000 14.06 
18.053 1.000 



,000 
,000 



16.780 
16.815 
16.969 
17.994 
15.594 
14.537 
15.700 

14.636 1.000 
15.240 1.000 
15.886 
13.629 
12,730 



8.82 
0.00 
6.15 



,000 10.14 
,000 0.76 
.000 10.30 
.000 13.46 
.000 11.26 
7.70 
5.36 
3.70 
7.89 



1.000 
1.000 

1.000 13.24 
13.755 1.000 11.50 
12.820 1.000 12.48 
13.098 1.000 3.73 
11.370 1.000 7.92 
11.042 1.000 8.42 



426 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



ATOM 


921 


N 


GLY 


123 


ATOM 


922 


CA 


GLY 


123 


ATOM 


923 


C 


GLY 


123 


ATOM 


924 


O 


GLY 


123 


ATOM 


925 


N 


GLY 


124 


ATOM 


926 


CA 


GLY 


124 


ATOM 


927 


C 


GLY 


124 


ATOM 


928 


O 


GLY 


124 


ATOM 


929 


N 


VAL 


125 


ATOM 


930 


CA 


VAL 


125 


ATOM 


931 


CB 


VAL 


125 


ATOM 


932 


CGI 


VAL 


125 


ATOM 


933 


CG2 


VAL 


125 


ATOM 


934 


C 


VAL 


125 


ATOM 


935 


O 


VAL 


125 


ATOM 


936 


N 


GLY 


126 


ATOM 


937 


CA 


GLY 


126 


ATOM 


938 


C 


GLY 


126 


ATOM ' 


939 


O 


GLY 


126 


ATOM 


940 


N 


THR 


127 


ATOM 


941 


CA 


THR 


127 


ATOM 


942 


CB 


THR 


127 


ATOM 


943 


OG1 


THR 


127 


ATOM 


944 


CG2 


THR 


127 


ATOM 


945 


C 


THR 


127 


ATOM 


946 


O 


THR 


127 


ATOM 


947 


N 


THR 


128 


ATOM 


948 


CA 


THR 


128 


ATOM 


949 


CB 


THR 


128 


ATOM 


950 


OG1 


THR 


128 


ATOM 


951 


CG2 


THR 


128 


ATOM 


952 


C 


THR 


128 


ATOM 


953 


O 


THR 


128 


ATOM 


954 


N 


TYR 


129 


ATOM 


955 


CA 


TYR 


129 


ATOM 


956 


CB 


TYR 


129 


ATOM 


957 


CG 


TYR 


129 


ATOM 


958 


CD1 


TYR 


129 


ATOM 


959 


CE1 


TYR 


129 


ATOM 


960 


CD2 


: TYR 


129 


ATOM 


961 


CE2 


: TYR 


129 


ATOM 


962 


CZ 


TYR 


129 


ATOM 


963 


OH 


TYR 


129 


ATOM 


964 


C 


TYR 


129 


ATOM 


965 


O 


TYR 


129 


ATOM 


966 


N 


PRO 


130 


ATOM 


967 


CD 


PRO 


130 



-23-125 -65,859 10.529 1.000 7,14 

-23.316 -65.625 9.115 1.000 3.98 

-23.643 -64.196 8.735 1.000 12.34 

-23.445 -63.822 7.571 1J100 1.55 

-24.132 -63.404 9.683 1.000 19.09 

-24.506 -62.016 9.471 1.000 13.26 

-25.277 -61.809 8.186 1.000 10.25 

-26.403 -62.278 8.018 1.000 10.97 

-24.684 -61.110 7.217 1.000 12.50 

-25.365 -60.956 5.930 1.000 9.40 

-25.557 -59.477 5.559 1.000 14.11 

-26.156 -59.326 4.168 1.000 13.51 

-26.455 -58.786 6.578 1.000 22.31 

-24.588-61.675 4.833 1.000 6.71 

-23.580 -61.151 4.368 1.000 4.54 

-25.047 -62.850 4.427 1.000 14.20 

-24.466 -63.654 3.377 1.000 9.15 

-23.012 -64.018 3.580 1.000 10.06 

-22.225 -64.068 2.629 1.000 4.29 

-22.595 -64.295 4.811 1.000 6.29 

-21.214 -64.701 5.050 1.000 3.83 

-20.470 -63.707 5.957 1.000 8.35 

-20.719 -64.001 7.339 1.000 16.55 

-20.987 -62.295 5.716 1.000 11.34 

-21.143 -66.099 5.663 1.000 1.10 

-22.159 -66.699 6.001 1.000 4.52 

-19.921 -66.590 5.790 1.000 9.21 

-19.546 -67.893 6.299 1.000 8.72 

-18.451 -68.505 5.397 1.000 10.99 

-17.447 -67.497 5.236 1.000 7.85 

-18.976 -68.853 4.015 1.000 3.45 

-18.995 -67.821 7.718 1.000 13.03 

-18.450 -68.788 8.255 1.000 8.50 

-19.127 -66.646 8.315 1.000 10.20 

-18.542 -66.357 9.615 1.000 7.58 

-18.323 -64.853 9.722 1.000 8.22 

-17.246 -64.280 8.835 1.000 11.97 

-17.514 -63.176 8.031 1.000 8.62 

-16.547 -62.636 7.211 1.000 7.23 

-15.970 -64.827 8.799 1.000 12.10 

-14.991 -64.290 7.982 1.000 16.92 

-15.288 -63.196 7.193 1.000 16.10 

-14.315 -62.655 6.383 1.000 11.56 

-19.416 -66.840 10.765 1.000 9.63 

-20.644 -66.723 10.714 1.000 13.75 

-18.789 -67.380 11.804 1.000 8.51 

-17.336 -67.523 12.004 1.000 10.11 
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10 



15 
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ATOM 


968 


CA 


PRO 


130 


ATOM 


969 


CB 


PRO 


130 


ATOM 


970 


CG 


PRO 


130 


ATOM 


971 


C 


PRO 


130 


ATOM 


972 


O 


PRO 


130 


ATOM 


973 


N 


ALA 


131 


ATOM 


974 


CA 


ALA 


131 


ATOM 


975 


CB 


ALA 


131 


ATOM 


976 


C 


ALA 


131 


ATOM 


977 


0 


ALA 


131 


ATOM 


978 


N 


PRO 


132 


ATOM 


979 


CD 


PRO 


132 


ATOM 


980 


CA 


PRO 


132 


ATOM 


981 


CB 


PRO 


132 


ATOM 


982. 


CG 


PRO 


132 


ATOM 


983 


C 


PRO 


132 


ATOM 


984 


O 


PRO 


132 


ATOM 


985 


N 


LYS 


133 


ATOM 


986 


CA 


LYS 


133 


ATOM 


987 


CB 


LYS 


133 


ATOM 


988 


CG 


LYS 


133 


ATOM 


989 


CD 


LYS 


133 


ATOM 


990 


CE 


LYS 


133 


ATOM 


991 


HZ 


LYS 


133 


ATOM 


992 


C 


LYS 


133 


ATOM 


993 


O 


LYS 


133 


ATOM 


994 


N 


VAL 


134 


ATOM 


995 


CA 


VAL 


134 


ATOM 


996 


CB 


VAL 


134 


ATOM 


997 


CGI 


VAL 


134 


ATOM 


998 


CG2 


VAL 


134 


ATOM 


999 


C 


VAL 


134 


ATOM 


1000 


O 


VAL 


134 


ATOM 


1001 


. N 


LEU 


135 


ATOM 


1002. 


CA 


LEO 


135 


ATOM 


1003 


CB 


LEU 


135 


ATOM 


1004 


CG 


LEU 


135 


ATOM 


1005 


CD1 


LEU 


135 


ATOM 


1006 


CD2 


LEU 


135 


ATOM 


1007 


C 


LEU 


135 


ATOM 


1008 


O 


LEU 


135 


ATOM 


1009 


N 


VAL 


136 


ATOM 


1010 


CA 


VAL 


136 


ATOM 


1011 


CB 


VAL 


136 


ATOM 


1012 


CGI 


VAL 


136 


ATOM 


1013 


CG2 


: VAL 


136 


ATOM 


1014 


C 


VAL 


136 



-19.549 
-18.522 
-17.227 
-19.983 
-19.500 
-20.873 
-21.305 
-22.537 
-20.174 
-19.502 
-19.937 
-20.610 
-18.901 
-18.696 
-20.032 
-19.395 
-20.608 
-18,497 
-18.903 
-17.760 
-17.050 
-15.746 
-15.463 
-15.154 
-19.441 
-19.319 
-20.032 
-20.562 
-22.106 
-22.586 
-22.659 
-20.129 
-20.215 
-19.676 
-19.364 
-17.975 
-17.123 
-15.993 
-17.932 
-20.397 
-20.485 
-21.196 
-22.167 
-23.344 
-24.272 
-24.080 
-21.498 



-67.914 
-68.804 
-68.097 
-66.791 
-65.667 
-67.117 
-66.205 
-66.747 
-65.984 
-66.942 
-64.752 
-63.516 
-64.505 
-62.992 
-62.472 
-64.884 
-65.027 
-65.051 
-65.337 
-65.881 
-67.101 
-67.358 
-68.849 
-69.237 
-64.066 
-62.982 
-64.194 
-63.000 
-62.964 
-61.523 
-63.778 
-62.885 
-63.837 
-61.703 
-61.443 
-60.835 
-61.223 
-60.213 
-61.341 
-60.497 
-59.326 
-60.988 
-60.110 
-60.925 
-60.045 
-61.596 
-59.327 



12.938 

13.647 

13.397 

13.872 

13.730 

14.799 

15.844 

16.554 

16.842 

17.223 

17.273 

16.842 

18.284 

18.181 

17.753 

19.675 

19.856 

20.641 

22.017 

22.869 

22.317 

23.057 

23.174 

24.580 

22.667 

22.091 

23.853 

24.507 

24.490 

24.423 

23.334 

25.963 

26.736 

26.357 

27.757 

27.898 

29.105 

29.264 

30.387 

28.360 

27.984 

29.303 

29.954 

30.511 

31.335 

29.362 

31.073 



1.000 
1.000 
1.000 
1.HO0 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
4.000 
1.000 
1.000 
1.000 



5.53 
8.51 
11.17 
7.77 
2.72 
7.61 
2.73 
0.00 
8.30 
12.18 
14.28 
11.04 
12.37 
14.35 
12.70 
12.80 
21.24 
14.17 
14.31 
14.22 
13.51 
18.76 
21.23 
37.08 
10.23 
4.45 
4.74 
10.55 
11.86 
0.00 
29.88 
12.01 
27.94 
12.21 
14.41 
17.37 
18.57 
4.42 
6.01 
17.03 
14.19 
19.10 
14.45 
13.65 
8.06 
O.00 
10.63 
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ATOM 


1015 


O 


VAL 


ATOM 


1016 


N 


VAL 


ATOM 


1017 


CA 


VAL 


ATOM 


1018 


CB 


VAL 


ATOM 


1019 


CGI 


VAL 


ATOM 


1020 


CG2 


VAL 


ATOM 


1021 


C 


VAL 


ATOM 


1022 


O 


VAL 


ATOM 


1023 


N 


SER 


ATOM 


1024 


CA 


SER 


ATOM 


1025 


CB 


SER 


ATOM 


1026 


OG 


SER 


ATOM 


1027 


C 


SER 


ATOM 


1028 


O 


SER 


ATOM 


1029 


N 


PRO 


ATOM 


1030 


CD 


PRO 


ATOM 


1031 


CA 


PRO 


ATOM 


1032 


CB 


PRO 


ATOM 


1033 


CG 


PRO 


ATOM 


1034 


c 


PRO 


ATOM 


1035 


O 


PRO 


ATOM 


1036 


N 


PRO 


ATOM 


1037 


CD 


PRO 


ATOM 


1038 


CA 


PRO 


ATOM 


1039 


CB 


PRO 


ATOM 


1040 


CG 


PRO 


ATOM 


1041 


C 


PRO 


ATOM 


1042 


O 


PRO 


ATOM 


1043 


N 


PRO 


ATOM 


1044 


CD 


PRO 


ATOM 


1045 


CA 


PRO 


ATOM 


1046 


CB 


PRO 


ATOM 


1047 


CG 


PRO 


ATOM 


1048 


C 


PRO 


ATOM 


1049 


O 


PRO 


ATOM 


1050 


N 


LEO 


ATOM 


1051 


CA 


LEO 


ATOM 


1052 


CB 


LEO 


ATOM 


1053 


CG 


LEO 


ATOM 


1054 


CD1 LEO 


ATOM 


1055 


CD2 LEO 


ATOM 


1056 


C 


LEO 


ATOM 


1057 


O 


LEO 


ATOM 


1058 


N 


ALA 


ATOM 


1059 


CA 


ALA 


ATOM 


1060 


CB 


ALA 


ATOM 


1061 


C 


ALA 



136 


-20.929 


-59.948 


137 


-21-556 


-57.997 


137 


-20.882 


-57.215 


137 


-19.699 


-56.397 


137. 


-19.115 


-55.512 


137 


-18.609 


-57.291 


137 


-21.828 


-56.255 


137 


-22.319 


-55.273 


138 


-22.061 


-56.558 


138 


-22.800 


-55.715 


138 


-23.139 


-56.523 


138 


-23.850 


-55.804 


138 


-21.944 


-54.496 


138 


-20.779 


-54.646 


139 


-22.459 


-53.287 


139 


-23.803 


-52.952 


139 


-21.657 


-52.087 


139 


-22.422 


-51.015 


139 


-23.848 


-51.455 


139 


-21.620 


-51.775 


139 


-22.460 


-52.217 


140 


-20.636 


-51.014 


140 


-19.524 


-50.412 


140 


-20.591 


-50.724 


140 


-19.251 


-50.012 


140 


-18.843 


-49.543 


140 


-21.748 


-49.832 


140 


-22.321 


-49.073 


141 


-22.103 


-49.939 


141 


-21.487 


-50.799 


141 


-23.230 


-49.172 


141 


-23.254 


-49.560 


141 


-22.591 


-50.897 


141 


-23.014 


-47.671 


141 


-21.876 


-47.203 


142 


-24.120 


-46.942 


142 


-24.079 


-45.490 


142 


-25.421 


-44.900 


142 


-25.775 


-45.119 


142 


-27.262 


-44.901 


142 


-24.932 


-44.218 


142 


-23.711 


-44.945 


142 


-23.764 


-45.680 


143 


-23.363 


-43.670 


143 


-22.960 


-42.941 


143 


-21.461 


-42.676 


143 


-23.762 


-41.656 



PCT/DS2004/040438 



31.971 1.000 7.12 
31.027 1.000 7.93 
32.056 1.000 6.63 
31.497 1.000 6.08 
32.595 1.000 6.59 
30.936 1.000 10.34 
32.775 1.000 6.02 
32.219 1.000 11.10 
34.040 1.000 6.05 

34.972 1.000 9.77 
36.223 1.000 16.98 
37.202 1.000 19.18 
35.276 1.000 8.41 
35.652 1.000 13.52 
35.096 1.000 12.22 
34.599 1.000 11.54 
35.389 1.000 6.14 
34.608 1.000 7.78 
34.731 1.000 3.74 
36.875 1.000 3.92 
37.664 1.000 10.47 
37.347 1.000 8.52 
36.611 1.000 3.33 
38.788 1.000 13.50 
38.971 1.000 12.27 
37.623 1.000 6.73 
39.228 1.000 15.77 
38.445 1.000 21.96 
40.505 1.000 4.93 
41.528 1.000 0.26 
41.036 1.000 3.17 
42.521 1.000 4.18 
42.556 1.000 0.00 
40.890 1.000 10.32 
40.900 1.000 17.58 
40.760 1.000 9.20 
40.729 1.000 7.44 
40.288 1.000 7.55 
38.812 1.000 13.23 
38.566 1.000 0.00 
37.921 1.000 1.85 
42.109 1.000 13.38 
43.099 1.000 20.55 
42.126 1.000 15.81 
43.322 1.000 13.69 
43.239 1.000 3.16 
43.475 1.000 16.69 
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ATOM 1062 O ALA 143 

ATOM 1063 N PRO 144 

ATOM 1064 CD PRO 144 

ATOM 1065 CA PRO 144 

5 ATOM 1066 CB PRO 144 

ATOM 1067 CG PRO 144 

ATOM 1068 C PRO 144 

ATOM 1069 O PRO 144 

ATOM 1070 N MET 145 

10 ATOM 1071 CA MET 145 

ATOM 1072 .CB MET 145 

ATOM 1073 CG MET 145 

ATOM 1074 XD MET 145 

ATOM 1075 CE MET 145 

15 ATOM 1076 C MET 145 

ATOM 1077 O MET 145 

ATOM 1078 N PRO 146 

ATOM 1079 CD PRO 146 

ATOM 1080 CA PRO 146 

20 ATOM .1081 CB PRO 146 

ATOM 1082 CG PRO 146 

ATOM 1083 C PRO 146 

ATOM 1084 O PRO 146 

ATOM 1085 N HIS 147 

25 ATOM 1086 CA HIS 147 

ATOM 1087 CB HIS 147 

ATOM 1088 CG HIS 147 

ATOM 1089 CD2 HIS 147 

ATOM 1090 ND1 HIS 147 

30 ATOM 1091 CE1 HIS 147 

ATOM 1092 NE2 HIS 147 

ATOM 1093 C HIS 147 

ATOM 1094 O HIS 147 

ATOM 1095 N PRO 148 

35 ATOM 1096 CD PRO 148 

ATOM 1097 CA PRO 148 

ATOM 1098 CB PRO 148 

ATOM 1099 CG PRO 148 

ATOM 1100 C PRO 148 

40 ATOM 1101 O PRO 148 

ATOM 1102 N TRP 149 

ATOM 1103 CA TRP 149 

ATOM 1104 CB TRP 149 

ATOM 1105 CG TRP 149 

45 ATOM 1106 CD2 TRP 149 

ATOM 1107 CE2 TRP 149 

ATOM 1108 CE3 TRP 149 



PCTYUS2004AM0438 



-24.500 -41.280 42.552 1.000 10.61 

-23.668 -40.968 44.609 1.000 19.19 

-22.997 -41.377 45.852 1.000 16.93 

-24.315 -39.659 44.745 1.400 19.29 

-23.730 -39.076 46.031 1.000 17.13 

-22.904 -40.130 46.664 1.000 12.97 

-24.009 -38.723 43.578 1.000 17.14 

-22.902 -38.626 43.048 1.000 12.89 

-25.049 -38.002 43.161 1.000 18.09 

-24.925 -37.064 42.052 1.000 14.70 

-25.912-37.398 40.942 1.000 21.06 

-25.711-38.740 40.263 1.000 24.88 

-27.259 -39.577 39.860 1.000 18.47 

-27.956-39.804 41.495 1.000 34.91 

-25.155 -35.645 42.559 1.000 11.49 

-26.205 -35,342 43.116 1.000 18.46 

-24.182 -34.763 42.367 1.000 €.41 

-22.909 -34.993 41.683 1.000 8.^2 

-24.325 -33.388 42.851 1.000 10.88 

-22.916 -32.814 42.759 1.000 10.59 

-22.064 -33.819 42.072 1.000 12.17 

-25.292 -32.588 41.972 1.000 13.13 

-25.999 -31.712 42.484 1.000 17.39 

-25.311 -32.901 40.677 1.000 10.50 

-26.203 -32.215 39.758 1.000 9.69 

-25.865 -32.480 38.279 1.000 14.24 

-26.441 -31.373 37.431 1.000 6.69 

-25.875 -30.297 36.850 1.000 5.99 

-27.780 -31.296 37.134 1.000 11.40 

-28.018 -30.226 36.391 1.000 11.68 

-26.871 -29.600 .36.201 1.000 12.68 

-27.658 -32.596 40.013 1.000 5.47 

-28.052 -33.761 39.960 1.000 11.15 

-28.463 -31.575 40.291 1.000 12.88 

-28.098 -30.148 40.322 1.000 12.98 

-29.877 -31.806 40.602 1.000 13.30 

-30.440 -30.401 40.811 1.000 14.82 

-29.426 -29.455 40.267 1.000 16.64 

-30.600 -32.508 39.456 1.000 15.39 

-31.525 -33.290 39.689 1.000 15.71 

-30.218 -32.263 38.201 1.000 21.29 

-30.909 -32.947 37.109 1.000 15.64 

-30.571 -32.328 35.750 1.000 17.31 

-31.296 -33.043 34.639 1.000 10.06 

-32.715-33.086 34.444 1.000 4.30 

-32.952 -33.862 33.295 1.000 8.55 

-33.805 -32.541 35.129 1.000 4.24 
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10 



15 



20 



25 



30 



35 



40 



45 



ATOM 


1109 


CD1 


TRP 


149 


-30.748 


-33.774 


ATOM 


1110 


NE1 


TRP 


149 


-31-736 


-34.272 


ATOM 


1111 


CZ2 


TRP 


149 


-34.240 


-34.107 


ATOM 


1112 


CZ3 


TRP 


149 


. -35.076 


-32.785 


ATOM 


1113 


CH2 


TRP 


149 


-35.286 


-33.563 


ATOM 


1114 


C 


TRP 


149 


-30.566 


-34.432 


ATOM 


1115 


O 


TRP 


149 


-31.447 


-35.290 


ATOM 


1116 


N 


PRE 


150 


-29.270 


-34.728 


ATOM 


1117 


CA 


PHE 


150 


-28.841 


-36.125 


ATOM 


1118 


CB 


PRE 


150 


-27.321 


-36.192 


ATOM 


1119 


CG 


PHE 


150 


-26.581 


-36.170 


ATOM 


1120 


CD1 


PHE 


150 


-25.315 


-35.623 


ATOM 


1121 


CD2 


PHE 


150 


-27.167 


-36.697 


ATOM 


1122 


CE1 


PHE 


150 


-24.650 


-35.604 


ATOM 


1123 


CE2 


PHE 


150 


-26.511 


-36.684 


ATOM 


1124 


CZ 


PHE 


150 


-25.246 


-36.136 


ATOM 


1125 


C 


PHE 


150 


-29.555 


-36.813 


ATOM 


1126 


O 


PHE 


150 


-30.059 


-37.930 


ATOM 


1127 


N 


GLN 


151 


-29.606 


-36.120 


ATOM 


1128 


CA 


GLN 


151 


-30.294 


-36.665 


ATOM 


1129 


CB 


GLN 


151 


-30.306 


-35.680 


ATOM 


1130 


CG 


GLN 


151 


-28.947 


-35.446 


ATOM 


1131 


CD 


GLN 


151 


-29.048 


-34.481 


ATOM 


1132 


OE1 


GLN 


151 


-29.693 


-34.803 


ATOM 


1133 


NE2 


GLN 


151 


-28.423 


-33.317 


ATOM 


1134 


C 


GLN 


151 


-31.745 


-37.027 


ATOM 


1135 


O 


GLN 


151 


-32.232 


-38.044 


ATOM 


1136 


N 


LEO 


152 


-32.397 


-36.183 


ATOM 


1137 


CA 


LEU 


152 


-33.818 


-36.360 


ATOM 


1138 


CB 


LEU 


152 


-34.438 


-35.101 


ATOM 


1139 


CG 


LEU 


152 


-34.837 


-33.957 


ATOM 


1140 


CD1 


LEU 


152 


-34.781 


-32.631 


ATOM 


1141 


CD2 


LEU 


152 


-36.225 


-34.162 


ATOM 


1142 


C 


LEU 


152 


-34.053 


-37.544 


ATOM 


1143 


O 


LEU 


152 


-34.913 


-38.372 


ATOM 


1144 


N 


ILE 


153 


-33.310 


-37.613 


ATOM 


1145 


CA 


ILE 


153 


-33.519 


-38.661 


ATOM 


1146 


CB 


ILE 


153 


-32.814 


-38.377 


ATOM 


1147 


CG2 


ILE 


153 


-33.360 


-37.106 


ATOM 


1148 


CGI 


ILE 


153 


-31.284 


-38.333 


ATOM 


1149 


CD1 


ILE 


153 


-30.635 


-38.332 


ATOM 


1150 


C 


ILE 


153 


-33.054 


-40.024 


ATOM 


1151 


O 


ILE 


153 


-33.540 


-41.043 


ATOM 


1152 


N 


PHE 


154 


-32.138 


-40.069 


ATOM 


1153 


CA 


PHE 


154 


-31.645 


-41.349 


ATOM 


1154 


CB 


PHE 


154 


-30.113 


-41.372 


ATOM 


1155 


CG 


PHE 


154 


-29.456 


-41.758 



33.629 
32.813 
32.815 
34.654 
33.505 
37.101 
37.033 
37.186 
37.305 
37.483 
36.150 
36.047 
35.014 
34.838 
33.797 
33.711 
38.459 
38.354 
39.598 
40.759 
41.932 
42.561 
43.734 
44.729 
43.598 
40.441 
40.936 
39.644 
39.365 
38.764 
39.688 
38.935 
40.274 
38.428 
38.729 
37.326 
36.334 
34.991 
34.355 
35.061 
33.684 
36.836 
36.342 
37.797 
38.301 
38.348 
37.031 



1.000 

1.000 

1.000 

1.-000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

1.000 

r.ooo 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 



11.09 
5.61 
12.36 
13.41 
14.13 
12.85 
7.92 
11.11 
11.76 
8.65 
13.44 
14.41 
12.01 
14.96 
13.41 
18.95 
10.90 
7.95 
12.36 
19.45 
12.11 
16.34 
22.05 
39.76 
16.49 
20.77 
19.36 
11.67 
13. -95 
14 . 14 
12.09 
11.66 
12.14 
13.07 
13.96 
13.21 
12.12 
9.74 
0.00 
8.16 
0.00 
9.56 
4.79 
12.41 
8.75 
8.88 
8.38 
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10 



15 



20 



25 



30 



35 



40 



45 



ATOM 


1156 


CD1 


PHE 


154 


-28.597 


-40.887 


36.384 


1.000 


9.10 


ATOM 


1157 


CD2 


PHE 


154 


-29.703 


-42.990 


36.458 


l.ooa 


0.00 


ATOM 


1158 


CE1 


PHE 


154 


-28.000 


-41.232 


35.188 


1.000 


9.85 


ATOM 


1159 


CE2 


PHE 


154 


-29.119 


-43.344 


35.260 


1.000 


5.02 


ATOM 


1160 


CZ 


PHE 


154 


-28.258 


-42.468 


34.624 


1.000 


8.39 


ATOM 


1161 


C 


PHE 


154 


-32.199 


-41.648 


39.690 


1.000 11.55 


ATOM 


1162 


O 


PHE 


154 


-31.683. 


-42.515 


40.400 


1.000 


10.77 


ATOM 


1163 


N 


GLU 


155 


-33.246 


-40.936 


40.093 


1.000 


15.11 


ATOM 


1164 


CA 


GLO 


155 


-33.898 


-41.221 


41.367 


1.000 


19.95 


ATOM 


1165 


CB 


GLU 


155 


-35 . r 134 


-40.343 


41.542 


1.000 


26.08 


ATOM 


1166 


CG 


GLO 


155 


-35.558 


-40.107 


42.980 


1.000 


33.00 


ATOM 


1167 


CD 


GLO 


155 


-36.339 


-41.267 


43.568 


1.000 


44.51 


ATOM 


1168 


OE1 


GLO 


155 


-37.432 


-41.585 


43.051 


1.000 


49.47 


ATOM 


1169 


OE2 


GLO 


155 


-35.862 


-41.867 


44.558 


1.000 


61.39 


ATOM 


1170 


C 


GLO 


155 


-34.270 


-42.702 


41.449 


1.000 


18.82 


ATOM 


1171 


O 


GLO 


155 


-34.978 


-43.212 


40.582 


1.000 


14.49 


ATOM 


1172 


N 


GLY 


156 • 


-33.779 


-43.376 


42.481 


1.000 12.58 


ATOM 


1173 


CA 


GLY 


156 


-33.993 


-44.787 


42.696 


1.000 


6.50 


ATOM 


1174 


C 


GLY 


156 


-33.061 


-45.684 


41.914 


1.000 


12.22 


ATOM 


1175 


O 


GLY 


156 


-33.205 


-46.914 


41.914 


1.000 


27.90 


ATOM 


1176 


N 


GLY 


157 


-32.082 


-45.107 


41.224 


1.000 


9.19 


ATOM 


1177 


CA 


GLY 


157 


-31.216 


-45.877 


40.358 


1.000 


8.21 


ATOM 


1178 


C 


GLY 


157 


-30.007 


-46.514 


40.991 


1.000 


8.61 


ATOM 


1179 


O 


GLY 


157 


-29.563 


-47.579 


40.549 


1.000 


17.22 


ATOM 


1180 


N 


GLU 


158 


-29.442 


-45.887 


42.018 


1.000 


7.58 


ATOM 


1181 


CA 


GLO 


158 


-28.299 


-46.453 


42.721 


1.000 


7.50 


ATOM • 


1182 


CB 


GLO 


158 


-27.807 


-45.505 


43.814 


1.000 


9.84 


ATOM 


1183 


CG 


GLO 


158 


-26.756 


-46.097 


44.739 


1.000 


11.00 


ATOM- 


1184 


CD 


GLO 


158 


-26.031 


-45.053 


45.564 


1.000 


24.40 


ATOM 


1185 


OE1 


GLO 


158 


-26.158 


-43.845 


45.267 


1.000 


33.57 


ATOM 


1186 


OE2 


GLO 


158 


-25.325 


-45.439 


46.523 


1.000 


39.11 


ATOM 


1187 


C 


GLO 


158 


-28.696 


-47.807 


43.302 


1.000 


13.34 


ATOM 


1188 


O 


GLO 


158 


-27.956 


-48.787 


43.225 


1.000 


29.78 


ATOM 


1189 


N 


GLN 


159 


-29.895 


-47.840 


43.875 


1.000 


10.17 


ATOM 


1190 


CA 


GLN 


159 


-30.481 


-49.058 


44.406 


1.000 


15.50 


ATOM 


1191 


CB 


GLN 


159 


-31.856 


-48.764 


45.017 


1.000 


19.57 


ATOM 


1192 


CG 


GLN 


159 


-32.548 


-49.952 


45.647 


1.000 


24.93 


ATOM 


1193 


CD 


GLN 


159 


-31.737 


-50.676 


46.704 


1.000 


30.24 


ATOM 


1194 


OE1 


GLN 


159 


-31.940 


-50.499 


47.909 


1.000 


40.80 


ATOM 


1195 


NE2 


GLN 


159 


-30.800 


-51.510 


46.265 


1.000 


20.75 


ATOM 


1196 


C 


GLN 


159 


-30.605 


-50.132 


43.336 


1.000 


17.89 


ATOM 


1197 


O 


GLN 


159 


-30.218 


-51.285 


43.544 


1.000 


21.71 


ATOM 


1198 


N 


LYS 


. 160 


-31.154 


-49.791 


42.168 


1.000 


15.99 


ATOM 


1199 


CA 


LYS 


160 


-31.361 


-50.855 


41.176 


1.000 


6.75 


ATOM 


1200 


CB 


LYS 


160 


-32.314 


-50.369 


40.090 


1.000 


10.24 


ATOM 


1201 


CG 


LYS 


160 


-33.666 


-49.907 


40.607 


1.000 


6.13 


ATOM 


1202 


CD 


LYS 


160 


-34.386 


-49.041 


39.581 


1.000 


11.21 
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ATOM 1203 CE LYS 160 

ATOM 1204 NZ LYS 160 

ATOM 1205 C LYS 160 

ATOM 1206 O LYS 160 

5 ATOM 1207 N THR 161 

ATOM 1208 CA THR 161 

ATOM 1209 CB THR 161 

ATOM 1210 OG1 THR 161 

ATOM 1211 CG2 THR 161 

10 ATOM 1212 C THR 161 

ATOM 1213 O THR 161 

ATOM 1214 N THR 162 

ATOM 1215 CA THR 162 

ATOM 1216 CB THR 162 

15 ATOM 1217 OG1 THR 162 

ATOM 1218 CG2 THR 162 

ATOM 1219 C THR 162 

• ATOM 1220 O THR 162 

ATOM 1221 N GLD 163 

20 ATOM 1222 CA GLO 163 

ATOM 1223 CB GLU 163 

ATOM 1224 CG GLD 163 

ATOM 1225 CD GLO 163 

ATOM 1226 OE1 GLU 163 

25- ATOM 1227 OE2 GLO 163 

ATOM 1228 C GLU 163 

ATOM 1229 O GLU 163 

ATOM 1230 N LEU 164 

ATOM 1231 CA LEU 164 

30 ATOM 1232 CB LEU 164 

ATOM 1233 CG LEU 164 

ATOM 1234 CD1 LEU 164 

ATOM 1235 CD2 LEU 164 

ATOM 1236 C LEU 164 

35 ATOM 1237 O LEU 164 

ATOM 1238 N ALA 165 

ATOM 1239 CA ALA 165 

ATOM 1240 CB ALA 165 

ATOM 1241 C ALA 165 

40 ATOM 1242 O ALA 165 

ATOM 1243 N ARG 166 

ATOM 1244 CA ARG 166 

ATOM 1245 CB ARG 166 

ATOM 1246 CG ARG 166 

45 ATOM 1247 CD ARG 166 

ATOM 1248 NE ARG 166 

ATOM 1249 CZ ARG 166 



PCTAJS2004/04O438 



-35,897 -49.190 39.702 1.000 9.55 

-36.616 -48.235 38.811 1.000 20.37 

-30.029 -51.305 40.591 1.000 14.32 

-29.842 -52.475 40.257 1/000 14.42 

-29.082 -50.375 40.465 1.000 10.29 

-27.771 -50.734 39.933 1.000 13.43 

-26.878 -49.508 39.672 1.000 10.03 

-27.070 -48.557 40.730 1.000 30.01 

-27.263 -48.788 38;389 1.000 13.57 

-27.057 -51.683 40.896 1.000 12.06 

-26.160 -52.415 40.481 1.000 6.51 

-27.457 -51.664 42.165 1.000 8.39 

-26.894 -52.551 43.177 1.000 9.75 

-27.286 -52.130 44.604 1.000 12.96 

-26.705 -50.863 44.941 1.000 11.98 

-26.735 -53.132 45.605 1.000 20.35 

-27.349 -53.991 42.956 1.000 10.87 

-26.764 -54.942 43.471 1.000 12.87 

-28.410 -54.170 42.174 1.000 16.58 

-28.949 -55.496 41.905 1.000 20.69 

-30.486 -55.450 41.861 1.000 21.36 

-31.136 -54.918 43.122 1.000 19.81 

-30.918 -55.799 44.332 1.000 20.57 

-30.336 -56.894 44.181 1.000 13.38 

-31.340 -55.394 45.441 1.000 37.36 

-28.455 -56.101 40.596 1.000 12.31 

-28.614.-57.306 40.384 1.000 8.17 

-27.880 -55.296 39.710 1.000 14.12 

-27.561 -55.746 38.356 1.000 8.92 

-26.960 -54.602 37.541 1.000 5.54 

-27.903 -53.857 36.593 1.000 10.39 

-29.295 -53.740 37.197 1.000 23.43 

-27.352 -52.485 36.240 1.000 2.48 

-26.621 -56.943 38.361 1.000 6.54 

-26.847 -57.925 37.653 1.000 4.26 

-25.562 -56.865 39.159 1.000 7.24 

-24.609 -57.965 39.239 1.000 11.41 

-23.542 -57.659 40.276 1.000 11.40 

-25.312 -59.284 39.551 1.000 16.26 

-24.980 -60.302 38.947 1.000 18.13 

-26.266 -59.245 40.469 1.000 20.04 

-27.014 -60.397 40.947 1.000 10.10 

-27.875 -59.992 42.145 1.000 15.40 

-28.600 -61.127 42.843 1.000 15.67 

-29.286 -60.640 44.115 1.000 20.34 

-30.097 -59.453 43.851 1.000 31.99 

-31.261 -59.505 43.202 1.000 37.46 
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10 



15 



20 



25 



30 



35 



40 



45 



ATOM 


1250 


NH1 


ARG 


166 


-31-718 


-60.673 


42.770 


1.000 


41.26 


ATOM 


1251 


NH2 


ARG 


166 


-31.974 


-58.410 


42.979 


1.000 


44.85 


ATOM 


1252 


C 


ARG 


166 


-27.899 


-60.991 


39.862 


1.000 


10.33 


ATOM 


1253 


O 


ARG 


166 


-27.862 


-62.186 


39.569 


1.-900 


11.28 


ATOM 


1254 


N 


VAL 


167 


-28.724 


-60.143 


39.253 


1.000 


10.14 


ATOM 


1255 


CA 


VAL 


167 


-29.647 


-60.637 


38.231 


1.000 


8.08 


ATOM 


1256 


CB 


VAL 


167 


-30.800 


-59.642 


"38.007 


1.000 


12.63 


ATOM 


1257 


CGI 


VAL 


167 


-31.873 


-60.262 


37.129 


1.000 23.15 


ATOM 


1258 


CG2 


VAL 


167 


-31.423 


-59.212 


39.331 


1.000 


16.49 


ATOM 


125^9 


C 


VAL 


167 


-28.941 


-60.943 


36.916 


1.000 


8.93 


ATOM 


1260 


O 


VAL 


167 


-29.342 


-61.889 


36.230 


1.000 


11.00 


ATOM 


1261 


N 


TYR 


168 


-27.906 


-60.209 


36.507 


1.000 


6.53 


ATOM 


1262 


CA 


TYR 


168 


-27.225 


-60.549 


35.262 


1.000 


5.82 


ATOM 


1263 


CB 


TYR 


168 


-26.220 


-59.494 
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ATOM 1391 CA VAL 185 

ATOM 1392 CB VAL 185 

ATOM 1393 CGI VAL 185 

ATOM 1394 CG2 VAL 185 

5 ATOM 1395 C VAL 185 

ATOM 1396 O VAL 185 

ATOM 1397 H ILE 186* 

ATOM 1398 CA ILE 186 

ATOM 1399 CB ILE 186 

10 ATOM 1400 CG2 ILE 186 

ATOM 1401 CGI ILE 186 

ATOM 1402 CD1 ILE 186 

ATOM 1403 C ILE 186 

ATOM 1404 O ILE 186 

15 ATOM 1405 N SER 187 

ATOM 1406 CA SER 187 

ATOM 1407 CB SER 187 

ATOM. 1408 OG SER 187 

ATOM 1409 C ■ SER 187 

20 ATOM 1410 O SER 187 

ATOM 1411 N THR 188 

ATOM 1412 CA THR 188 

ATOM 1413 CB THR 188 

ATOM 1414 OG1 THR 188 

25 ATOM 1415 CG2 THR 188 

ATOM 1416 C THR 188 

ATOM 1417 O THR 188 

ATOM 1418 N ASP 189 

ATOM 1419 CA ASP 189 

30 ATOM , 1420 CB ASP 189 

ATOM 1421 CG ASP 189 

ATOM 1422 OD1 ASP 189 

ATOM 1423 OD2 ASP 189 

ATOM 1424 C ASP 189 

35 ATOM 1425 O ASP 189 

ATOM 1426 N GLY 190 

ATOM 1427 CA GLY 190 

ATOM 1428 C GLY 190 

ATOM 1429 O GLY 190 

40 ATOM 1430 N VAL 191 

ATOM 1431 CA VAL 191 

ATOM 1432 CB VAL 191 

ATOM 1433 CGI VAL 191 

ATOM 1434 CG2 VAL 191 

45 ATOM 1435 C VAL 191 

ATOM 1436 O VAL 191 

ATOM 1437 N ASP 192 
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-12.902 -54.156 40.358 1.000 14.54 

-12.320 -54.649 39.021 1.000 16.34 

-12.034 -56.141 39.100 1.000 13.09 

-13.274 -54.346 37.877 l/WO 20.34 

-12.802 -52.642 40.445 1.000 20.13 

-11.718 -52.101 40.682 1.000 11.67 

-13.912 -51.929 40.260 1.000 19.83 

-13.905 -50.479 40.381 1.000 13.97 

-13.716 -49.752 39.031 1.000 8.30 

-12.362 -50.070 38.428 1.000 12.39 

-14.830-50.005 38.014 li 000 10.45 

-14.956 -48.929 36.957 1.000 3.60 

-15.209 -49.957 40.979 1.000 13.38 

-16.256-50.583 40.857 1.000 12.90 

-15.120 -48.788 41.596 1.000 11.99 

-16.287-48.046 42.052 1.000 9.16 

-16.110 -47.594 43.498 1.000 10.88 

-14.889 -46.879 43.658 1.000 16.58 

-16.517 -46.839 41.145 1.000 11.87 

-15.567 -46.304 40.563 1.000 16.73 

-17.767 -46.410 41.015 1.000 15.17 

-18.077 -45.244 40.189 1.000 13.51 

-19.571 -45.151 39.848 1.000 12.88 

-19.969 -46.308 39.101 1.000 16.33 

-19.843 -43.943 38.961 1.000 8.08 

-17.639 -43.978 40.916 1.000 14.09 

-18.293 -43.535 41.860 1.000 10.72 

-16.518 -43.414 40.474 1.000 15.51 

-15.911 -42.313 41.210 1.000 11.58 

-14.407 -42.594 41.362 1.000 12.86 

-14.158 -43.791 42.261 1.000 4.55 

-14.915 -43.960 43.239 1.000 13.27 

-13.208 -44.549 41.989 1.000 6.91 

-16.120 -40.949 40.567 1.000 15.34 

-15.910 -39.948 41.263 1.000 18.48 

-16.510 -40.918 39.303 1.000 19.39 

-16.710 -39.718 38.515 1.000 15.08 

-17.385 -38.613 39.303 1.000 18.57 

-18.263 -38.908 40.119 1.000 20.64 

-16.952 -37.381 39.057 1.000 13.86 

-17.428 -36.226 39.806 1.000 10.59 

-16.825 -34.905 39.286 1.000 17.05 

-15.324 -34.875 39.559 1.000 30.84 

-17.092 -34.701 37.803 1.000 8.10 

-18.950 -36.129 39.774 1.000 10.47 

-19.542 -35.686 40.761 1.000 13.60 

-19.571 -36.534 38.668 1.000 1.46 



437 



WO 2005/056782 



PCT/US2004/040438 



GC821-2 



ATOM 


1438 


CA 


ASP 


ATOM 

niV/U 


1439 


CB 


ASP 


ATOM 


1440 

X ** H \J 


CG 


ASP 


ATOM 


1441 


0D1 


ASP 


2VTOM 




0D2 


ASP 






a 


ASP 


7\ TOM 


1 AAA 
14 44 




ASP 


AiUM 


■ 1 A A ^ 


Vi 


VJJJ A 


AIUM 


1440 


PA 


OXlX 


AIUM 


144 / 


V> 


CT.Y 


ATOM 


1 A A Q 

14 4o 


U 


CT.Y 


ATOM 


T A A Q 

1447 


H 
N 


TT.P 


ATOM 


i a cn 
14oU 


UA 


XXiEj 


ATOM 


1431 


at* 




ATOM 


1 X CO 
140^ 


aa9 


TT.P 


ATOM 


140 J 


aai 


TT.P 


ATOM 


1 il E Jl 

1434 


ATM 
UU1 


TT.P 
lllCJ 


ATOM 


1400 




TT.P 


ATOM 


1 il K £ 
- 1430 


u 


TT.P 


ATOM 


14D / 


M 
N 


mo 


Hawk* 
ATOM 


1400 


Ui 


HT^ 
nxo 


ATOM 


14D7 


ATI 


HT^ 
nxo 


ATOM 


14 OU 


AC 


UTO 

nxo 


AIUM 


14 Ol 


An? 




AIUM 


14 OZ 




HTS 


AT AM 
AxUM 


i a c-a 

X 4 OJ 


^ Hi X 


HIS 








HIS 


AIOM 


1 AfiR 
X 4 DJ 


A 

V* 


HIS 






o 


HIS 


a TOM 




N 


PHE 






CA 


PHE 


ATOM 


1469 


CB 


PHE 


ATOM 


1470 


CG 


PHE 


ATOM 


1471 


CD1 


PHE 


ATOM 


1472 


CD2 


PHE 


ATOM 


1473 


CE1 


PHE 


ATOM 


1474 


CE2 


PHE 


ATOM 


1475 


CZ 


PHE 


ATOM 


1476 


C 


PHE 


ATOM 


1477 


0 


PHE 


ATOM 


1478 


N 


THR 


ATOM 


1479 


CA 


THR 


ATOM 


1480 


CB 


THR 


ATOM 


1481 


0G1 


THR 


ATOM 


1482 


CG2 


: THR 


ATOM 


1483 


C 


THR 


ATOM 


1484 


0 


THR 



192 


-21.018 


-36.447 


192 


-21.387 


-36.356 


192 


-20.918 


-37.566 


192 


-20.296 


-38.478 


192 


-21.182 


-37.597 


192 


-21.754 


-37.622 


192 


-22.988 


-37.674 


193 


-21.027 


-38.572 


A. J -J 


-21.631 


-39.747 


1 93 


-22.153 


-40.758 


1 Q3 

X 7J 


-22.820 


-41.732 


1 94 


-21.867 


-40.565 


X ^9*± 


-22.330 


-41.546 


1 94 


-23.401 


-40.945 


1 94 


-23.790 


-41.927 


1 94 


-24.643 


-40.441 


1 94 


-25.248 


-39.237 


1 94 * 
1 3fl 


-2-1 191 


-42.068 


1 94 


-21.086 


-43.251 


1 9S 


-20.277. 


-41.195 


1 9S 

X 70 


-19.256 


-41.719 


1 ?3 


-19.089 


-40.790 


1 95 


-20. 402 


-40.647 


195 

J. Zs -/ 


-20.981 


-41.395 


X 


-21.283 


-39.633 


195 


-22.351 


-39.753 


195 


-22.192 


-40.814 


195 


-17.918 


-41.941 


195 


-17.762 


-41.602 


196 


-17.010 


-42.529 


196 


-15.725 


-43.017 


196 


-15.233 


-44.136 


196 


-16.048 


-45.412 


196 


-15.822 


-46.481 


196 


-17.027 


-45.509 


196 


-16.571 


-47.637 


196 


-17.779 


-46.662 


196 


-17.549 


-47.727 


196 


-14.663 


-41.925 


196 


-14.757 


-40.983 


197 


-13.694 


-42.112 


197 


-12.477 


-41.318 


197 


-11.886 


-41.168 


197 


-11.650 


-42.458 


197 


-12.882 


-40.454 


197 


-11.443 


-41.978 


197 


-11.713 


-43.037 



38.540 1.000 0.70 
37.056 1.000 2.10 
36.268 1.000 9.82 
36.857 1.000 8.20 
35.047 1.000 6.78 
39.173 1.000 7.73 
39.136 1.000 7.10 
39.753 1.000 15.10 

40.351 1.000 17.83 

39.352 1.000 18.93 
39.718 1.000 10.12 

38.062 1.000 11.77 
37.081 1.000 7.87 
36.154 1.000 9.95 

35.063 1.000 0.00 
36.896 1.000 9.90 
36.206 1.000 8.85 
36.225 1.000 2.97 
35.924 1.000 6.72 
35.792 1.000 6.33 
34.884 1.000 10.76 
33.673 1.000 11.36 
32.958 1.000 11.50 
31.989 1.000 5.43 
33.253 1.000 7.30 
32.485 1.000 9.11 
31.711 1.000 8.18 
35.577 1.000 8.63 
36.743 1.000 13.71 
34.812 1.000 6.37 
35.249 1.000 9.06 
34^320 1.000 5.38 
34.451 1.000 10.20 
33.602 1.000 8.01 
35.427 1.000 6.21 
33.722 1.000 11.17 
35.546 1.000 14.06 
34.694 1.000 13.03 
35.273 1.000 12.92 
34.494 1.000 15.16 
36.158 1.000 13.17 
36.183 1.000 17.95 
37.593 1.000 20.94 
38.173 1.000 20.14 
38.499 1.000 31.55 
35.269 1.000 10.26 
34.705 1.000 14.53 
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ATOM 1485 N GLO 198 

ATOM 1486 CA GLO 198 

ATOM 1487 CB GLO 198 

ATOM 1488 CG GLO 198 

ATOM 1489 CD GLO 198 

ATOM 1490 OE1 GLO 198 

ATOM 1491 OE2 GLO 198 

ATOM 1492 C GLO 198 

ATOM 1493 O GLO 198 

ATOM 1494 N ALA 199 

ATOM 1495 CA ALA 199 

ATOM 1496 CB ALA 199 

ATOM 1497 C ALA 199 

ATOM 1498 O ALA 199 

ATOM 1499 N ASN 200 

ATOM 1500 CA ASN 200 

ATOM 1501 CB ASN 200 

ATOM 1502 CG ASN 200 

ATOM 1503 OD1 ASN 200 

ATOM 1504 ND2 ASN 200 

ATOM 1505 C ASN 200 

ATOM 1506 O ASN 200 

ATOM 1507 N ASN 201 

ATOM 1508 CA ASN 201 

ATOM 1509 CB ASN 201 

ATOM 1510 CG ASN 201 

ATOM 1511 OD1 ASN 201 

ATOM 1512 ND2 ASN 201 

ATOM 1513 C ASN 201 

ATOM 1514 O ASN 201 

ATOM 1515 N ARG 202 

ATOM 1516 CA ARG ' 202 

ATOM 1517 CB ARG 202 

ATOM 1518 CG ARG 202 

ATOM 1519 CD ARG 202 

ATOM 1520 NE ARG 202 

ATOM 1521 CZ ARG 202 

ATOM 1522 NH1 ARG 202 

ATOM 1523 NH2 ARG 202 

ATOM 1524 C ARG 202 

ATOM 1525 O ARG 202 

ATOM 1526 N ASP 203 

ATOM 1527 CA ASP 203 

ATOM 1528 CB ASP 203 

ATOM 1529 CG ASP 203 

ATOM 1530 OD1 ASP 203 

ATOM 1531 OD2 ASP 203 



-10.283 -41.362 35.133 1.000 9.05 

-9.192 -41.943 34.362 1.000 12.89 

-8.023 -40.960 34.314 1.000 20.40 

-6.903 -41.349 33.362 1.400 32.30 

-5.764 -40.346 33.328 1.000 35.77 

-5.127 -40.141 34.385 1.000 42.59 

-5.498 -39.761 32.256 l.t)00 25.40 

-8.779 -43.279 34.970 1.000 16.23 

-8.636 -44.296 34.292 1.000 14.85 

-8.596 -43.284 36.291 1.000 11.36 

-8.233 -44.489 37.022 1.000 5.99 

-8.047 -44.154 38.499 1.000 2.34 

-9.273 -45.594 36.873 1.000 7.89 

-8.922 -46.767 36.748 1.000 J.6.70 

-10.548 -45.210 36.897 1.000 13.48 

-11.644 -46.155 36.715 1.000 11.59 

-13.007 -45.474 36.805 1.000 4.12 

-13.492 -45.192 38.209 1.000 11.67 

-13.045 -45.767 39.200 1.000 6.19 

-14.455 -44.276 38.330 1.000 13.74 

-11.505 -46.869 35.366 1.000 8.88 

-11.667 -48.084 35.305 1.000 9.08 

-11.208 -46.111 34.315 1.000 14.48 

-11.074 -46.639 32.963 1.000 14.27 

-10.903 -45.495 31.960 1.000 16.17 

-12.221 -44.853 31.570 1.000 14.25 

-13.050 -45.436 30.871 1.000 13.77 

-12.441 -43.624 32.021 1.000 16.01 

-9.908 -47.620 32.870 1.000 12.95 

-10.050 -48.720 32.334 1.000 11.02 

-8.775 -47.207 33.412 1.000 15.80 

-7.571 -48.020 33.532 1.000 14.85 

-6.491 -47.250 34.294 1.000 17.85 

-5.109 -47.874 34.325 1.000 17.66 

-4.141 -47.026 35.143 1.000 19.69 

-3.646 -45.881 34.388 1.000 30.64 

-2.410 -45.407 34.412 1.000 36.54 

-1.470 -45.972 35.164 1.000 35.38 

-2.093 -44.353 33.669 1.000 23.31 

-7.862 -49.344 34.229 1.000 6.52 

-7.636 -50.401 33.644 1.000 9.98 

-8.365 -49.285 35.464 1.000 3.83 

-8.597 -50.500 36.237 1.000 12.72 

-9.148-50.181 37.6311.000 9.96 

* -8.170 -49.370 38.458 1.000 16.04 

-6.980 -49.324 38.086 1.000 18.66 

-8.584 -48.772 39.474 1.000 22.09 
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ATOM 1626 CD2 LEO 216 -12.495 -65.108 22.211 1.000 4.00 
ATOM 1627 C LEO 216 -8.983 -67.283 23.688 1.000 24.37 

ATOM 1628 OT1 LEO 216 -8.472 -67.525 22.571 1.000 29.22 

ATOM 1629 OT2 LEO 216 -8.463 -67.655 24.758 1*400 19.02 

5 

In addition to the above-described determinations, a carbamate-inhibited 
perhydrolase crystal was also produced and analyzed In these experiments, a N- 
hexyicarbamate derivative of wild type perhydrolase was used Wild-type peAydrolase 

10 (14.5 mg in 1 mL, 67mM NaP04 pH 7 buffer) was titrated at room temperature with 1.25 
HL aKquots of 400 mM p-nitrophenyl-N-hexyicaibamate dissolved in DMSO. 
Perhydrolase. activity was measured with />-nitrophenyibutyrate assay (See, Example 2), 
as a function of time after each addition of the inhibitor. Several additions oyer several 
hours were required for complete inhibition of the enzyme. After inhftition was 

1 5 complete, the buffer of the inhibited enzyme solution was exchanged for 10 mM HEPES 
pH 83. This solution was stored at - 80*C until used for crystallization screening 
experiments were conducted as described above. The inhibitor /?-nitrophenyI-N- 
hexylcaibamate was prepared by methods known in the art (See e.g., Hosie et al., J. Biol. 
ChenL, 262:260-264 [1987]). Briefly, the carbamate-inhibited perhydrolase was 

20 crystallized by vapor diffusion using the hanging drop method known in the art Ami 

solution of inhibited perhydrolase (1 5 mg/ml in 10 mM HEPES, pH 8.2), was mixed with 
4 nL of a reservoir solution (30% PEG-4,000 with 0.2 M lithium sulfate and 0.1 M Tris, 
pH 8.5) on a plastic coverslip, then inverted and sealed for a well of 6x4 Linhro plate 
c ontaining 0.5 ml of the reservoir solution and allowed to equilibrate. Crystals formed 

25 within a few days. Hie crystals were flash frozen in liquid nitrogen and analyzed as 
described above. 

While the native octamer was determined in space group P4 with unit cell 
dimensions: 

a= 98.184 b= 98.184 and c= 230.1 19 a=90.00 p=90.00 y=90.00, this crystal diffracted 
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to about 2.0 A. The caibamate-inhibited crystal grew in the space group PI with unit cell 
dimensions a=€7.754,b=80.096, and cf=85.974 a =104.10°, p=l 12.10°, andy=97.40° 
and these crystals diffract to a resolution exceeding 1.0 A. 

The carbamate was bound in a manna: to exploit the interactions between the keto 
5 oxygen of the carbamate and residues forming the oxyanion hole, the amide N atoms of 
Ser 11 and Ala 55 and Asn 94 ND2. The hydrophobic side chain extends along the 
hydrophobic surface of the binding site out into the surface opening between pairs of 
dimers in the octamer structure. The carbamate moiety direction highlights the pivotal 
role of the S54V mutation. The hydrophobic moiety passes adjacent to die side chain of 

10 ser 54. Mutating the serine side to valine increased the hydrophobicity, and also served 
as a gatekeeper to prevent hydrophilic nucleophiles (cg.j water) for competing with 
desired deacylating nucleophiles. The t residues surrounding the carbamate moiety on the 
same and neighboring molecules forming the extended entry are expected to influence the 
selection of the optimal de-acyiating nudeophile. 

15 In addition, residues with surface-accessible side chain atoms were identified 

using the program "AreaMol," within the CCP4 program package. Table 15-1 lists these 
residues. In this Table, the residue number, residue name, number of surface-accessible 
side chain atoms having at least 10.0 square atoms of accessible surface area, and 
maximum surface area (square angstroms) for any side chain atom within that residue (or 

20 CA for GLY residues) in the octameric structure of perhydrolase are provided. 



Ta 


blelS-1. Surf. 


ace-Accessible Side Chaii 


ii Atoms 


Residue 
Number 


Residue 
Name 


Number of Accessible 
Side Chain Atoms 


Maximum Surface 
Area (Square 
Angstroms) 


1 


ALA 


1 


15.7 


3 


LYS* 


2 


54.10 


17 


VAL 




29.5 


19 


YAL 


1 


M.0 
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20 


GLU 


4 


30.2 


21 


ASP 


2 


413 


24 


PRO 


2 


-23.2 


26 


GLU 


3 


36.3 


29 


ALA 


1 


34.4 


30 


PRP 


3 


32 r 7 


n 


ASP 


3 


50.6 


32 


VAL 


1 


27.0 


3? 


ALA 


1 


27.5 


40 


GLN 


3 


38.7 


41 


GLN 


2 


22:1 


43 


GLY 




20.4 


44 • 


ALA 




63.8 


45 


ASP 


3 


52,7 


46 


?m 


2 


17.1 


47 


GLU 


3 


29.6 


61 


ASP 


3 


53.1 


63 


PRO 


3 


28,0 


64 


THR 


1 


15.7 


65 


ASP 


1 


10.8 


66 


PRO 


3 


33.5 


67 


ARG 


2 


20.3 


6? 


ASN 


1 


11,0 


72 


SER 


2 


26,6 


75 


PRO 


2 


17.4 


83 


PRO 


2 


15.1 


85 


ASP 


1 


36.80 


98 


ALA 


1 


14.60 


JQ1 


ARG 


4 


25,0 


|02 


ARG 


1 


19.9 


J03 


THR 


1 


43.7 


104 


PRO 


1 


17.90 


105 


LEU 


1 


10.1 


113 


VAL 


1 


17.3 


116 


THR 


2 


39.5 


117 


GLN 


2 


15.3 


119 


LEU 


3 


21.4 


120 


THR 


2 


34,1 


122 


ALA 


1 


39.0 
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123 


GLY 


1 


11 0 


17/5 


VJJL» I 


i 

1 


11 0 

kx.y — 


128 


THR 


2 


18-2 ! 


\ 170 


L2J& 


i 


17 

- — J-V-v 


1*30 


PRO 






— 


ATJi 


i 


1^ 7 








4/5 0 








J 


7*. 1 


143 


ATA 

ALA 


1 


IOC 

19.8 


1 >•>( 

144 


rKO 






J46 




2 


,^4,3^ 


148 


PRO 


3 


24 JL. 


1 CI 






PPfi 


1 CO 

1 52 


T "I7TT 




aAPv 


J 55 


GLU 


3 


33.11 


156 


GLY 


1 




J 58 


f*T If 

GLU 


3 


7A 7 




GLN 


4 


Ad O 


J60 


LYo 





01 < 
_ - /^r? 


l°2 


THR 


I 


0< A 


163 


/T TT 

GLU 






Ioj 


AT A 

MA 


i 


7^ 1 


169 


CT7D 


i 
1 




J73 


OI7D 




T?P<P 




DTXC 


1 


11 1 


17? 


M*U 


1 
1 


18 5 


176 


LYS 


2 


2L4 


178 


PRO 


1 


12.0 


17? 


PHE 


2 


14.0 


180 


PRE 




13.9 


m 


ASP 


1 


24.9 


184 


SER 


1 


27.0 


185 


VAL 


1 


27.5 


187 


SER 


2 


340 


189 


ASP 


2 


25.4 


191 


VAL 




24.5 


197 


THR 




21.6 


1?8 


GLU 


3 


43,5 


199 


ALA 


\ 


50.5 - 
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202 


ARG 


3 


37J2 


203 


ASP 


2 


30,? 


206 


VAL 


2 


45,2 


210 


GLU 


3 


34* 


211 


GIN 


2 


m 


213 


ARG 


5 


m 


214 


SER 


2 


2M 


215 


LEU 


1 


25.W 



5 EXAMPLE 16 

Stain Removal 

In this Example, experiments conducted to assess the stain removal abilities of 
perhydrolase are described 

Individual wells of 24 well culture plates were used to mimic conditions found in 

10 ordinary washing machines. Each well was filled with commercially available detergent 
(e.^., Ariel [Procter & Gamble], WOB [AATCC], and WFK [WFK]), and pre-stained 
cloth discs cut to fit inside of each well were added. . Temperature and agitation woe 
accomplished by attaching the plate to the inside of a common laboratory 
incubator/shaker. To measure bleaching effectiveness of the perhydrolase, fabric stained 

15 with tea ( EMPA # 167, available commercially from Test Fabrics) was used. A single 
cloth disc was placed in each well, and 1 ml of detergent liquid, containing enzyme, ester 
substrate, and peroxide was added. After agitation at 100 - 300 rpm <§) 20 - 60 # C, the 
fabric discs were removed, rinsed with tap water, and allowed to dry overnight The 
reflectance of each individual cloth disc was measured, and plotted asan"L" value. 

20 These results are provided in Figure 21, which shows that the addition of the perhydrolase 
of the presort invention to the detergent consistently provides a greater degree of 
bleaching than the detergents alone. In this Figure, "E" indicates the results for each of 
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10 



15 



the detergents tested in combination with the perhydrolase of the present invention. 



invention for bleaching of cotton fabrics are described 

In these experiments, six cotton swatches per canister were treated at 55°C for 60 
minutes in a Lannder-O-meter. The substrates used in these experiments were: 3 (3"x3") 
428U and 3 (3 n x3 , 0 400U per experiments. Two different types of 100% unbleached 
cotton fabrics from Testfabrics were tested (style 428U (desized but not bleached army 
carded cotton sateen); and style 400U (desized but not bleached cotton print cloth). The 
liquor ratio was about 26 to 1 (-7.7 g fabric/- 200 ml volume liquor). The peihydrolase 
enzyme was tested at 12.7 mgP/ml, with ethyl acetate (3 % (v/v)), hydrogen peroxide ( 
1500 ppm), and Triton X-100 (0.001%), in a sodium phosphate buffer (100 mM) for pH 7 
and pH 8 ; as well as in a sodium carbonate ( 1 00 mM) buffer, for pH 9 and pH 1 0. 

Bleaching effects were quantified with total color difference by taking 4 CIE 
L*a*b* values per each swatch before and after the treatments using a Chroma Meter 
CR-200 (Minolta) , and total color difference of the swatches after the treatments were 
calculated according to the following: 



EXAMPLE 17 



Cotton Bleaching 

In this Example, experiments to assess the use of the perhydrolase of the present 




25 
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(where AL, Aa, Ab, are differences in CIE L*, CIE a*, and CIE b* values respectively 
before and after die treatments). 

Higher AE values indicate greater bleaching effects. The results (See, Figure 22) 
5 indicated that the perhydrolase showed significantly improved bleaching effects on both 
types of 1 00% cotton fabrics at pH 7 and pH 8 under the conditions tested. 

It was also observed that high amounts of motes (e.g., pigmented spots) 
disappeared on the enzyme treated substrates. 

10 

EXAMPLE 18 
Linen Bleaching 

In this Example, experiments conducted to assess the linen bleaching capability of 

the perhydrolase of the present invention are described. The same methods and 
15 conditions as describe above for cotton testing (in Example 17) were used to test linen 

swatches. As indicated above, experiments were conduction in a Launder-Ometer using 

a linen fabric (linen suiting, Style 1^53; Testfebrics). 

In these experiments, 3 (4"x4") linen swatches were treated with 12.7 mgP/ml of 

the perhydrolase enzyme with ethyl acetate (3 % v/v), hydrogen peroxide (1200 ppm), 
20 and Triton X-100 (0.001%), in a sodium phosphate buffer (100 mM) for pH 7 and pH 8. 

The bleaching effects were calculated as described above in Example 1 7. Figure 23 

provides a graph showing the bleaching effects of the perhydrolase of the present 

invention tested at pH 7 andpH 8 on linen. 

25 EXAMPLE 19 

Detergent Compositions 
In the following Example, various detergent compositions are exemplified. In 
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these formulations, the enzymes levels are expressed by pure enzyme by weight of the 
total composition and unless otherwise specified, the detergent ingredients are expressed 
by weight of the total compositions. The abbreviated component identifications therein 
have the following meanings: 



LAS 

TAS 

CxyAS 

CxyEz 

CxyAEzS 

Nonionic 



QAS 
Silicate 
Metasilicate 
Zeolite A 
SKS-6 

Sulphate 

STPP 

MA/AA 

AA 

Polycaiboxylate 



BB1 
BB2 
PB1 
PB4 

Percaibonate 

TAED 
NOBS 
DTPA 



Sodium linear C\ 143 alkyl benzene sulfonate. 
Sodium tallow alkyi sulfate. 
Sodium C\ x - C\y alkyl sulfite. 

C j[ x - C\y predominantly linear primary alcohol condensed with an 
average of z moles of ethylene oxide. 

C\ x -C\y sodium alkyl sulfate condensed with an average of z 

moles of ethylene oxide. Added molecule name in the examples. 
Mixed ethoxylated/propoxyiated fatty alcohol e.g. Plurafac LF404 
being an alcohol with an average degree of ethoxylation of 3.8 and 
an average degree of propoxyiation of 4.5. 
R2-N+(CH3)2(CkH40H) with R2 - C12-C14. 
Amorphous Sodium Silicate (Si02^Na20 ratio = 1.6-3.2:1). 
Sodium metasilicate (Si02^a20 ratio «= 1.0). 
Hydrated Aluminosilicate of fonnula Nai2(A102SiC>2)l2- 27H2O 
Crystalline layered silicate of formula 8-Na2Si205 # 

Anhydrous sodium sulphate. 
Sodium Tripolyphosphate, 

Random copolymer of 4:1 acrylate/maleate, average molecular 
weight about 70,000-30,000. 

Sodium polyacryiate polymer of average molecular weight 4,500. 
Copolymer comprising mixture of carboxylated monomers such as 
acrylate, maleate and methyacrylate with a MW ranging between 
2,000-80,000 such as Sokolan commercially available from BASF, 
being a copolymer of acrylic acid, MW4,500. 
3^3,4-Dihydroisoquinolinium)propane sulfonate 
1^3,4-dihydmisoquinolinium)-decane-2-sul&te 
Sodium perborate monohydrate. 

Sodium perborate tetrahydrate of nominal formula NaB03.4H20. 
Sodium percarbonate of nominal formula 2Na2CC>33H2Q2 . 
Tetraacetyl ethylene diamine. 

Nonanoyloxybenzene sulfonate in the form of die sodium salt 
Diethylene triamine pentaacetic add. 
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HEDP 
DEIPMP 

EDDS 

Diamine 

DETBCHD 

PAAC 
Pa raffin 

Paraffin Sulfonate 

Aldose oxidase 

Galactose oxidase 
Protease 



Amylase 

lipase 
Cellulase 

Pectin Lyase 

PVP 
PVNO 

PVPVI 



1 , 1 -hydroxyetbane diphosphonic acid 
Diethyltriamme penta (methylene) phosphorate, marketed by 
Monsanto under the Trade name Dequest 2060. 
Ethylenedianw^N^-disuccinic acid, (S f S) isomer in the form of 
its sodium salt 

Dimethyl ammopropyl amine; 1 ,6-hezane diamine; 1,3-piopane 
diamine; 2-mcthyl- 1 ,5-pentane diamine; 1 ,3-pentanediarnine; 1- 
methyl^aniinopropane. 

5, 12- dieth^l3t8,12-tetraazabicyclo [6,6,2] hexadecane, 
dichloride, MdOT) salt . . 

Pentaamine acetate cobaltOH) salt 

Paraffin oil sold under the tradename Winog 70 by WintershalL 
A Paraffin oil or wax in which some of the hydrogen atoms have 
been replaced by sulfonate groups. 

Oxidase enzyme sold under the tradename Aldose Oxidase by 

Novozymes A/S 

Galactose oxidase from Sigma 

Proteolytic enzyme sold under the tradename Savinasc, Alcalase, 
Everlase by~Ngvo Nordisk A/S, and the following from Genencor 
International, fac: "Protease A" described in US RE 34,606 in 
Figures IA, IB, and 7, and at column 11, lines 11-37; "Protease B" 
described inUS5,955,340 and US5,700,676 in Figures 1A, IB and 
5, as well as Table 1; and "Protease C described in US6,312,936 
and US 6,482,628 in Figures 1-3 [SEQ ID 3], and at column 25, line 
12, "Protease D" being the variant 

101G/103A/104I/159D/232V/236H/245R/248D/252K (BFN* 
numbering) described in WO 99/20723. 

Amylolytic enzyme sold under the tradename Purafact Ox Am^ 
described in WO 94/18314, WO96/05295 sold by Genencor, 
Natalase®, Tennamyl®, Fungamyl® and Duramyi®, all available 
from Novozymes A/S. 

Lipolytic enzyme sold under the tradename Iipolase lipolase Ultra 

by Novozymes A/S and Lipomax by Gist-Brocades. 

Cellulytic enzyme sold under the tradename Carezyme, Celluzyme 

and/or Endolase by Novozymes A/S. 

Pectaway® g^j Pectawash® available from Novozymes A/S. 

Polyvinylpynolidone with an average molecular weight of 60,000 

PolyvinylpyrkKne-N-Oxide, with an average molecular weight of 

50,000. 

Copolymer of vinylimidazole and vinylpynolidone, with an average 
molecular weight of 20,000. 
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: Disodium 4,4 , -bis(2-sulphostyryl)b^hea)d. 

: PolydSmethylsiloxane foam controller with siloxane-oxyalkylene 

copolymer as dispersing agent with a ratio of said foam controller to 

said dispersing agent of 10:1 to 100:1. 
: 12% Silicone/silica, 1 8% stearyi alcohol,70% starch in granular 

form. 

: Anionically end capped poly esters. 
: Polyethylene glycol, of a molecular weight of x. 
: Vinylpyriolidoiie homopolymer (average MW 160,000) 
: Capped polyethylene glycol from Huntsman 
: A branched alcohol alkyl sulphate from Enichem 
: Monomethyl ether polyethylene gjycol (MW 2000) from Fluka 
CbemieAG. 

: Silicone suds suppresser, mixture of Silicone oil and Silica from 

Dow Coming. 
: Tetreaethyienepentaamine ethoxyiate. 
: Beozotriazole. 
: (CHa^OfcOOO- 

: Industry grade D-glucose or food grade sugar 
: C n -C 14 alkyl N-methyi glucamide 

: CirCu topped whole cut fatty acids. 

A hydrated aluminumu silicate in a general formula 
AlzCbSiCh-xHzO. Types: Kaolinite, montmorillonite, atapulgite, 
illite, bentonite, halloysite. 
: Estere in the formula of I^Ox [(R 2 ^ (R^Jp 
: Measured as a 1% solution in distilled water at 20°C. 



EXAMPLE 20 
Liquid Laundry Detergents 



The following liquid laundry detergent compositions of the present invention are prepared. 





I 


n 


m 


IV 


V 


LAS 


18.0 




6.0 






CiT-CisAEmS 




2,0 


8.0 


11.0 


5,9 


C 8 -C I0 propyl dimethyl 
amine 


2.0 


2.0 


2.0 


2.0 


1.0 


Cu-Cu alkyl dimethyl 
amine o^ide , ,. 










2.0 
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Silicone antifoam 



Suds Suppressor 

SRP1 
PEGX 
PVPK60® 
Jeffamine ® ED-2001 
Isachem ® AS 
MME PEG (2000) 

DC3225C 

TEPAE 

BTA 

Betaine 

Sugar 

CFAA 

TPKFA 
Clay 



MCAEM 
PH 
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Cn-Cu AS 




J7.0 


- 


7.0 


8.0 


CFAA 


- 


5.0 


4.0 


4,0 


3.0 


C12-C14 Fattv alcohol 
ethoxylate 


12.0 


6.0 


1.0 


1.0 


.1.0 


Fatty add 


11.0 


11.0 


4,0 


4.0 


3.0 


Citric acid fanhvdrous) 


5.0 


1.0 


3.0 


3.0 


2.0 


DETPMP 


1.0 


1.0 


*.P 


1.0 


OS 


Kfnnnptftflnnlflminft 


11.0 


8.0 


5.0 


5.0 


2.0 




1 0 


1.0 


2.5 


1.0 


13 






35 " 




2 5 






127 


14 5 


m 


10. 


8.0 




1 8 


1 8 


4,7 


5.4 


1.0 1 










0 005 




AmviacA 




0002 














EalcS/9 




00001 *■ 


T macA 


0 1 




0.1 




0.1 


Protease A 


0.05 


0,3 


0.055 


0.5 


0.2 


/\ loose vjxiaasc 


ft frt 




0,3 




0003 


PAAC 


0.01 


0.0J 








DETBCHD 






0,02 


0.0J 




SRPJ 


0.5 


0.5 




0.3 


03 


Boric acid 


2.4 


2-4 


2,8 


2.8 


2,4 


Sodium xvlene sulfonate 






3.0 






DC 3225C 


1.0 


31,0 


1.0 


1.0 


1.0 


2-butvi-octanol 


0.03 


0.04 


0.04 


0.03 


0.03 


DTPA 


0.5 


0.4 


0.35 


0.28 


0,4 


Briphtener 1 


0.18 


0.10 


0.11 






Perhvdrolase 


0.05 


0.3 


0.08 


0.5 


0.2 


MCAEM 

(C 12-Cu E « < Acetate) 


3.0 


8.0 


12.0 


1.5 


4.8 


Balance to 100% perfume / dve and/or water _ 



EXAMPLE 21 
Hand-Dish Liquid Detergent Compositions 
5 The following hand dish liquid detergent compositions of the present invention are 
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prepared. 





I 


n 


m 


IV 


V 


VI 


C12-C15AE1.8S 


30.0 


28.0 


25.0 




15.0 


10.0 


LAS 




— 




5.0 


15.0 


12.0 


Paraffin Sulfonate 




— 




20.0. 


m 




Cio-Cis Alkyl Dimethyl 
Amine Oxide 


5.0 


3.0 


7.0 


m 






Betadne 


3.0 




1.0 


3.0 


1.0 




C12 poly-OH fatty acid 
amide 


m 






3.0 


m 


1.0 


Cm poly-OH fetty acid 
amide 


m 


1.5 


• 




m 




C11E9 


2.0 




4.0 


- 


- 


20.0 


DTPA 


_ 


• 


- 


- 


02 


- 


Tri-sodium Citrate dihydrate 


0^5 


- 


- 


0.7 


- 


- 


Diamine 


1.0 


5.0 


7.0 


1.0 


5.0 


7.0 


MgCh 


0.25 






1.0 






Protease A 


0.02 


0.01 


0.02 


0.01 


0.02 


0.05 


Amylase 


0.001 






0.002 




0.001 


Aldose Oxidase 


0.03 




0.02 




0.05 




Sodium Cumene Sulphonate 








2.0 


1.5 


3.0 


PAAC 


0.01 


0.01 


0.02 








DETBCHD 








0.01 


0.02 


0.01 


PB1 


1.5 


2.8 


12 








Perhydrolase 


0.02 


0.01 


0.03 


0.01 


0.02 


0.05 
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I 


n 


m 


IV 


V 


VI 


MCAEM 

(C14-C15E 7 Acetate) 


3.4 


2.8 


4.0 


2.6 


4.6 


6.8 


Balance to 100% perfume / dye and/or water 



The pH of Compositions (I)-(VI) is about 8 to about 11 



EXAMPLE 22 

S Liquid Automatic Dishwashing Detergent 

The following liquid automatic dishwashing detergent compositions of the present 
are prepared* 





I 


n 


m 


IV 


V 


STPP 


16 


16 


18 


16 


16 


Potassium Sulfide 




10 


8 




10 


1,2 propanediol 


6.0 


0.5 


2.0 


6.0 


0.5 


Boric Acid 


4.0 


3.0 


3.0 


4.0 


3.0 


CaCk dihydrate 


0.04 


0.04 


0.04 


0.04 


0.04 


Nonionic 


0.5 


03 


0.5 


0.5 


0.5 


Protease B 


0.03 


0.03 


0.03 


0.03 


0.03 


Amylase 


0.02 




0.02 


0.02 




Aldose Oxidase 




0.15 


0.02 




0.01 


Galactose Oxidase 






0.01 




0.01 


PAAC 


0.01 






0.01 




DETBCHD 




0.01 






0.01 


Perfaydrolase 


0.1 


0.03 


0.05 


0.03 


0.06 


MCAEM 


5.0 


3.0 


12.0 


8.0 


1.0 


(C14-C15E12 Acetate) 
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Balance to 100% perfume / dye and/or water 

EXAMPLE 23 
Laundry Compositions 
5 The following laundry compositions of present invention, winch may be in die 

form of granules or tablet, are prepared 





I 


n 


ITT 
111 


nr 

IV 


V 


Base Product 












Ch-CisAS or TAS 


8.0 


5.0 


3.0 


3.0 


3.0 


LAS 


8.0 




8.0 




7.0 


C12-C15AE3S 


0.5 


2.0 


1.0 




m 


C12-C15ES or E3 


2.0 




5.0 


2.0 


2.0 


QAS 








1.0 


1.0 


Zeolite A 


20.0 


18.0 


11.0 




10.0 


SKS-6(dryadd) 






9.0 






MA/AA 


2.0 


2.0 


2.0 






AA 










4.0 


3Na Citrate 2H 2 0 




2.0 








Citric Acid (Anhydrous) 


2.0 




1.5 


2.0 


m 


DTPA 


02 


0.2 








EDDS 






0.5 


0.1 




HEDP 






0.2 


0.1 




PB1 


3.0 


4.8 






4.0 


Percarbonate 






3.8 


52 
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I 


n 


m 


TV 


V 


NOBS 


1.9 










NACAOBS 




". 


2.0 






TAED 


0.5 


2.0 


2.0 


5.0 


1.00 


BB1 


0.06 




0.34 




0.14 


BB2 


• 


0.14 


• 


0.20 


** 


Anhydrous Na Carbonate 


15.0 


18.0 


8.0 


15.0 


15.0 


Sulfite 


5.0 


12.0 


2.0 


17.0 


3.0 


Silicate 


- 


1.0 


- 


™ 


8.0 


Protease B 


0.033 


0.033 


- 




- 


Protease C 






0.033 


0.046 


0.033 


lipase 




0.008 








Amylase 


0.001 








0.001 


Cellulase 




0.0014 








Pectin Lyase 


0.001 


0.001 


0.001 


0.001 


0.001 


Aldose Oxidase 


0.03 




0.05 






PAAC 




0.01 






0.05 


Perhydrolase 


0.03 


0.05 


1.0 


0.06 


0.1 


MCAEM** 


2.0 


5.0 


12.0 


3.5 


6.8 



Balance to 100% Moisture and/or Minors* 

• Perfume / Dye, Brightener / SRP1 / Na Carboxymethyicellulose/ Pbotobleach / MgS0 4 / 
PVPW Suds suppressor /High Molecular PEG/Clay. 

• ** MCAEM is selected from the group consisting of C 9-CiiEw Acetate, 
[Ci2H25N(CH 3 )(CH2CH20Ac) J* CT, (CTj^N^^OCHiCH^Ac, or mixtures 
thereof.. 
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EXAMPLE 24 
Liquid Laundry Detergents 
The following liquid laundry detergent formulations of the present invention are 



prepared. 





I 


I 


n 


m 


IV 


V 


LAS 


11.5 


11.5 


9.0 


- . 


4.0 




Cu-CisAElkS 


- 


- 


3.0 


18.0 


- 


16.0 


Cm-CisEisS 


11.5 


11.5 


3.0 


- • 


16.0 


- 


C 12-C13E9 


- 


- 


3.0 


2.0 


2.0 


1.0 




32 


32 


- 


- 


• 


* 


CFAA 


- 


- 


- 


5.0 


• 


3.0 


TPKFA 


2.0 


2.0 


- 


2.0 


0.5 


2.0 


Citric Acid 


32 


32 


0.5 


12 


2.0 


\2 


(Anhydrous) 










• 




Ca formate 


0.1 


0.1 


0.06 


0.1 






Na formate 


0.5 


0.5 


0.06 


0.1 


0.05 


0.05 


NaCulmene 


4.0 


4.0 


1.0 


3.0 


12 




Sulfonate 














Borate 


0.6 


0.6 




3.0 


2.0 


3.0 


Na hydroxide 


6.0 


6.0 


2.0 


3.5 


4.0 


3.0 


Ethanol 


2.0 


2.0 


1.0 


4.0 


4.0 


3.0 


1,2 Propanediol 


3.0 


3.0 


2.0 


8.0 


8.0 


5.0 


Mono- 


3.0 


3.0 


1.5 


1.0 


15 


1.0 


ethanolamine 














TEPAE 


2.0 


2.0 




1.0 


1.0 


1.0 


PB1 






4.5 




2.8 




Protease A 


0.03 


0.03 


0.01 


0.03 


0.02 


0.02 
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i i n m rv v 

lipase - - - 0.002 

Amylase . - - - 0i0*02 

Celhilase - ... 0.0001 

Pectin Lyase 0.005 0.005 

Aldose Oxidase 0.05 - - 0.05 - 0.02 

Galactose oxidase - 0.04 

Perhydrolase 0.03 0.05 0.01 0.03 0.08 0.02 

MCAEM 3.2 4.6 1.8 3.5 62 2.8 
(C12-C15E6 
Acetate) 

PAAC 0.03 0.03 0.02 

DETBCHD ... 0.02 0.01 

SRP1 0.2 0.2 - 0.1 

DTPA - - - 0.3 

PVNO - - - 0.3 - 0.2 

Brightenerl 0.2 0.2 0.07 0.1 - 

Silicone antifoam 0.04 0.04 0.02 0.1 0.1 0.1 

Balance to 100% perfume / dye, and/or water 



EXAMPLE 25 
Compact High-Density Dishwashing Detergents 

The following compact high density dishwashing detergent of the present 
invention are prepared: 

1 n m iv v vi 

STPP - 45.0 45.0 - - 40.0 
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I 


n 


3NaChrate2H20 


17.0 


• 


Na Carbonate 


17.5 


14.0 


Bicarbonate 


- 




Silicate 


15.0 


15.0 


MetasiKcate 


2.5 


4.5 


PB1 




- 


PB4 


- 


- 


Percaibpnate 


- 




BB1 


- 


0.1 


BB2 


0.2 


0.05 


Nomaxdc 


2.0 


1.5 


HEDP 


1.0 


- 


DETPMP 


0.6 


- 


PAAC 


0.03 


0.05 


ParaflBn 


0.5 


0.4 


Protease B 


0.072 


0.053 


Amylase 


0.012 


- 


Lipase 




0.001 


Pectin Lyase 


0.001 


0.001 


Aldose Oxidase 


0.05 


0.05 


Perhydrolase 


0.072 


0.053 


MCAEM 


3.5 


2.8 


(C 12-C13E63 






Acetate) 






BTA 


0.3 


0.2 


Polycarboxyiate 


6.0 





PCT/US2004/04O438 



m 


IV 


V 


VI 




50.0 


402 


• 


20.0 




8.0* 


33.6 




26.0 






8.0 




25.0 


3.6 


4.5 


- 


• 




4.5 


* 


• 


- 


- 


5.0 


- 


- 


- 


- 


- 


4.8 


0.1 


- 


0.5 




- 


0.1 


m 


0.6 


1.5 

- 


3.0 
- 


1.9 
- 


5.9 


0.02 


- 


- 


- 


0.4 


0 ? 6 






0.053 


0.026 


0.059 


0.01 


0.012 


- 


0.021 


0.006 




0.005 






0.001 








0.03 


0.01 


0.02 


0.01 


0.053 


0.026 


0.059 


0.01 


1.6 


7.5 


42 


0.8 


0.2 


0.3 


0.3 


03 






4.0 


OS 
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i n in iv v vi 

Perfume 02 0.1 0.1 0.2 0^ 02 

Balance to 100% Moisture and/or Minors* 

♦Brightener /Dye/SRPl/Na Carixaymethyicdlulose/ Photobleach / MgSO« / PVPVI/ Suds 
suppressor /High Molecular PEG/Clay. 

The pH of compositions (I) through (VI) is from about 9.6 to about 113. 

5 

EXAMPLE 26 
Tablet Detergent Compositions 

The following tablet detergent compositions of the present invention are prepared 
by compression of a granular dishwashing detergent composition at a pressure of 
10 13KN/cm 2 using a standard 12 head rotary press. 





I 


n 


m 


rv 


V 


VI 


vn 


Vffl 


STPP 




48.8 


44.7 


38.2 




42.4 


46.1 


36.0 


3Na Citrate 2H2O 


20.0 








35.9 








Na Carbonate 


20.0 


5.0 


14.0 


15.4 


8.0 


23.0 


20.0 


28.0 


Silicate 


15.0 


14.8 


15.0 


12.6 


23.4 


2.9 


43 


4.2 


lipase 


0.001 




0.01 




0.02 








Protease B 


0.042 


0.072 


0.042 


0.031 










Protease C 










0.052 


0.023 


0.023 


0.029 


Perhydrolase 


0.01 


0.08 


0.05 


0.04 


0.052 


0.023 


0.023 


0.029 


MCAEM 


2.8 


6.5 


4.5 


3.8 


4.6 


2.8 


2.8 


2.8 


(C12-C13E6J 


















Acetate) 


















Amylase 


0.012 


0.012 


0.012 




0.015 




0.017 


0.002 
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Pectin Lyase 



I 

0.005 



m 



IV 

0.002 



VI 



vn vm 



Aldose Oxidase 


- 


0.03 


- 


0.02 


0.02 




0.03 




PB1 


- 


- 


3.8 


- 


7.8 


m 




83 


Percaibonate 


6.0 


- 


- 


6.0 


- 


5.0 


■ 


• 


BB1 


0.2 


- 


03 


- 


03 


0.2 




■ 


BB2 




0.2 


- 


03 


- 




0.1 


0.2 


Noniomc 


1.5 


2.0 


2.0 


22 


1.0 


42 


4.0 


6.5 


PAAC 


0.01 


0.01 


0.02 












DETBCHD 








0.02 


0.02 




• 




TAED 












2.1 




1.6 


HEDP 


1.0 






0.9 




0.4 


02 




DETPMP 


0.7 
















Paraffin 


0.4 


03 


0.5 


0.5 






0.5 




BTA 


02 


0.3 


03 


03 


0.3 


0.3 


03 




Polycarboxyiate 


4.0 








4.9 


0.6 


0.8 




PEG 400-30,000 












2.0 




2.0 


Glycerol 












0.4 




0.5 


Perfume 








0:05 


0.2 


0.2 


0.2 


0.2 



Balance to 100% Moisture and/or Minors* 

*Brighteoer / Dye / SRP1 / Na CarboxymethyiceUulose/ Photobleach / MgS0 4 / PVPV1/ Suds 
suppressor /High Molecular PEG/Clay. 

The pH of Compositions (I) through 7(VIII) is from about 10 to about 1 1.5. 

The tablet weight of Compositions 7(1) through 7(VTfl) is from about 20 grams to about 30 



EXAMPLE 27 
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Liquid Hard Surface Cleaning Detergents 
The following liquid hard surface cleaning detergent compositions of die present 
invention are prepared. 





I 


n 


m 


IV 


V 


VI 


vn 


C9-C11E5 


2.4 


1.9 


2.5 


2.5 


2.5 


2A 


2.5 


Cu-CmEs 


3.6 


23 


2.5 


2.5 


2.5 


3.6 


2.5 


C7-C9E6 


- 


r 




• 


8.0 




m 


C12-O4E21 


1.0 


08 


4.0 


2.0 


2.0 


1.0 


2.0 


LAS 


- 


- 


- 


0.8 


0.8 




0.8 


Sodium culmene sulfonate 


1.5 


2.6 


** 


1.5 


1.5 


US 


1.5 


Isachem® AS 


0.6 


0.6 


- 


• 




0.6 






0.6 


0.13 


0.6 


0.1 


0.2 


0.6 


0.2 


3Na Citrate 2H2O 


0.5 


0.56 


0.5 


0.6 


0.75 


03 


0.75 


NaOH 


03 


033 


0.3 


0.3 


0.5 


0.3 


0.5 


Fatty Add 


0.6 


0.13 


0.6 


0.1 


0.4 


0.6 


0.4 


2 -butyl octanol 


03 


03 




0.3 


0.3 


0J 


0.3 


PEGDME-2000® 


0.4 




0.3 


0.35 


0.5 






PVP 


0.3 


0.4 


0.6 


0.3 


OS 






MME PEG (2000) ® 












03 


0.5 


Jeffonine®ED-2001 




0.4 






03 






PAAC 








0.03 


0.03 


0.03 




DETBCHD 


0.03 


0.05 


0.05 










Protease B 


0.07 


0.05 


0.05 


0.03 


0.06 


0.01 


0.04 


Amylase 


0.12 


0.01 


0.01 




0.02 




0.01 


Lipase 




0.001 




0.005 




0.005 




Perhydrolase 


0.07 


0.05 


0.08 


0.03 


0.06 


0.01 


0.04 
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MCAEM(Ci2-CisE8 3.5 5.6 4.8 5.3 3.6 8.0 4.7 

Acetate) 

Pectin Lyase 0.001 - 0.001 - - - 0.002 

PB1 - 4.6 3.8 

Aldose Oxidase * 0.05 - 0.03 - 0.02 0.02 0.05 

Balance to 100% perfume / dye, and/or water 

Hie pH of Compositions (I) through (VII) is from abort 7.4 to about 93. 

All patents and publications mentioned in the specification are indicative off the 
levels of those skilled in the art to which the invention pertains. All patents and 
5 publications are herein incorporated by reference to the same extent as if each individual 
publication was specifically and individually indicated to be incorporated by reference. 

Having described the preferred embodiments of the present invention, it will 
appear to those ordinarily skilled in the art that various modifications may be made to the 
disclosed embodiments, and that such modifications are intended to be within die scope 
10 of the present invention. 

Those of skill in the art readily appreciate that the present invention is well 
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as 
those inherent therein. The compositions and methods described herein are representative 
of preferred embodiments, are exemplary, and are not intended as limitations on the scope 
15 of the invention. It is readily apparent to one skilled in the art that varying substitutions 
and modifications may be made to die invention disclosed herein without departing from 
the scope and spirit of die invention. 

The invention illustratively described herein suitably may be practiced in the 
absence of any element or elements, limitation or limitations which is not specifically 
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disclosed herein. The terms and expressions which have been employed are used as 
terms of description and not of limitation, and there is no intention that in the use of such 
terms and expressions of excluding any equivalents of the features shown and described 
or portions thereof; but it is recognized that various modifications are possible within the 
scope of the invention claimed Thus, it should be understood that although the present 
inventionlias been specifically disclosed by preferred embodiments and optional features, 
modification and variation of the concepts herein disclosed may be resorted to by those 
skilled in the art, and that such modifications and variations are considered to be within 
the scope of this invention as defined by die appended claims. 

The invention has been described broadly and genetically herein. Each of die 
narrower species and subgeneric groupings falling within the generic disclosure also form 
part of the invention. This includes the generic description of the invention with a proviso 
or negative limitation removing any subject matter from the genus, regardless of whether 
or not the excised material is specifically recited herein. 
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